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The challenges of providing food for the evergrowing 
human population, continued exploitation of land, lim ited scope 
for cultivation of new areas on land and high investment required 
to realise marginal increase in fish production from the seas 
have led to global awareness in recen t years to find out ways 
and means for augmenting the production of finfish and shellfish 
food through coastal aquaculture. The most im portant prerequisite 
to  augm ent fish production is the availability of adequate quantities 
of seeds of the desired species a t  the appropriate time.
Estuaries have been aptly  re ferred  to as the "door 
ways between oceans and land masses*'. It has also been recognised 
tha t these regions which are  inorganic connections with the 
sea form an integral part of the overall marine environment. 
Although the Indian coast line is mostly even and uninterrupted, 
a number of river system s with their estuaries,extensive backwaters, 
a few sa lt lakes and coastal lagoons provide several hectares 
of w ater surface th a t are  predominantly brackish. Some seasonal 
fishery in this w ater is even in vogue. Apart from this, the 
investigations conducted in the past have indicated th a t most
of these major brackishw ater systems are the sources of fish 
seed as they form the nursery ground for commercially important 
cultivable brackishwater species of finfishes and shellfishes 
which are found to breed in the sea. Since all these species 
do not spawn under captive and controlled conditions, unlike 
the cultivable freshw ater carps; information on the availability 
and seasonal abundance of seed of natural w ater is of vital 
importance to the development of a coasta l aquaculture industry.
The ecophysiological conditions In the major estuarine systems 
have been observed to  be highly variable and i t  is, therefore, 
im perative th a t detailed observations in each of the areas chosen 
for aquaculture feasibility are made and reasonably accurate 
inform ation on seed availability and abundance maintained.
Cochin backw ater is one of the  major backwater systems 
on the south west coast of India. Because of its importance 
as a nursery ground for many of the  cultivable finfishes and 
shellfishes, and the role i t  plays in the  general ecology as well 
as economy of the areas, this ecosystem has been the object 
of intensive studies by several workers. In recen t years, the 
area  had been a ttra c tin g  g rea ter a tten tion  as the vast s tretches 
of the shallow w ater regimes are  brought under the intensive 
culture of fishes, crustaceans and molluscs. In order to  facilita te
the development of these  culture fisheries, investigations are 
being carried out to  find out and understand the  availability 
of seed resources of cultivable organisms. In this context, 
the  present study on the availability of fry and juveniles of 
cultivable finfishes, and their quan tita tive  abundance in time 
and space would endeavour to  add inform ation in proper under­
standing of seed resource and their exploitation.
The main objective of the present study is to  obtain 
the accu ra te  inform ation on the distribution and abundance 
of fry  and juveniles of the cultivable finfishes in relation to 
environm ental param eters  in Cochin backw aters and the intertidal 
w ater of the  sea in  the  vicinity of Cochin. This comprehensive 
study was planned and undertaken since no previous work of 
such detailed  nature on the fry and juveniles of fishes has been 
carried out in these vast w ater bodies, known to be the most 
potentia l nursery ground for the several finfishes and shellfishes. 
The study presents the  results of the  investigation carried  out 
during February to  Septem ber, 1989.
The results and discussion of th is dissertation embody 
the qualitative and quantita tive  variation of fry and juveniles 
of cultivable finfishes in tim e and space, in relation to the
environmental param eters such as rainfall, tem perature, salinity, 
pH, dissolved oxygen, n itr ite , n itra te , phosphate, silicate, phyto­
plankton and zooplankton.
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The deepening global food crisis owing to the multiplying 
population as well as saturation in production levels of agriculture 
and lim itations in the  exploitation of natural resource have 
driven man to  one of such ventures as aquaculture to  meet 
the food requirement in future. Though aquaculture, the  practice 
of rearing cultivable aquatic organisms under controlled or 
semi-controlled conditions has a history th a t dates back to  
th ree  thousand years; is still in its infancy as a  scientific discipline, 
even in places where the  potential for i t  is very high. In considering 
the present and future production through aquaculture, it  may 
be in teresting  to examine some of the  factors that have affected 
the industry in recent years.
Of all the fishes which inhabit the estuaries, the grey 
mullets [Mugil cephalus (Linnaeus), Liza parsia (Hamilton),
L. tade  (Forskal), macrolepis (Smith) 1 and milk fish Chanos 
chanos (Forskal) are  the only two im portant groups of food 
fishes routinly cultured in brackishwater in tropical and sub­
tropical w aters around the world. Even though a number of 
o ther species such as the  sea bass Lates calcarifer (Bloch),
the ten pounder Elops saurus (Liimaeus), the Indian tarpon Megalops 
cyprinoides (Broussonet), the pearl spot Etroplus suratensis (Bloch) 
e tc . are  having the potential for culture, not much attention 
has been paid towards their culture prospects except for the 
grey mullets and milkfish.
Availability of adequate quantity of the seed of the 
desired species a t the appropriate tim e is -one of the  prime 
factors th a t determ ine the success of culture operation. The 
seeds th a t  are  used as a stocking m ateria l are procured either 
by co llec tir^  the fry or juveniles from the  natural waterbodies 
or through controlled breeding.
The artific ia l breeding of brackish water species of 
finfishes, th a t  ordinarily breed in the confined w ater of ponds, 
is not so well developed as in the ease of cultivated fresh­
w ater carps. Even in eases like Mugil cephalus & other mullets 
it has been experienced th a t while breeding is relatively easy, 
hatching and rearing of larvae in com m ercial quantities pose 
problems. It is also observed th a t extrem ely high mortality 
of h a tc h lin g  occur during crucial period, when the mouth is 
formed and the larvae s ta r t  feeding, resulting in the survival 
ra te  not more than five percent of the hatchlings through a
42 days long larval period (Liao ^  ^ .,1972 ; Kuo ^  ^,,1973). 
This is the reason why most fish culturists count themselves 
lucky if they can rea r newly hatched mullet fry for longer 
than a  week. So far successful spawning of milk fish has not 
been reported in induced breeding by hypophysation.
Due to the above constraints to  produce seed under 
controlled conditions the  overwhelming majority of seed used 
for farming is stiU collected from natural waterbodies. In nature, 
the fry and juveniles of d ifferent species occur in different 
seasons of the year in inshore waters and in the estuaries and 
backwaters. However, the ir abundance varies from place to 
place and with seasons, depending on the spawning seasons, 
spawning intensity, survival of egg and larvae and other ecological 
variations.
It is well known th a t the estuarine environment plays nn 
im portant role on the  distribution and abundance of fry and 
juveniles of cultivable finfishes and prawns. The Cochin backwater 
system, the largest of its kind in the west coast, though found 
to be a potentially rich area  supporting a  diversified population 
of fry and juveniles, is also the most affected  ecosystem at 
present by human interferences.
The backwaters of Kerala along with its network of 
anastamosing canal spreads, extends alm ost throughout the coast 
line and form im portant area  of fisheries and other human 
use. It opens into the Arabian sea a t  Cochin and this facilita tes 
free mixing of seaw ater with freshw ater which flows from the 
rivers tha t empty into backwaters. The regular tidal rhythm 
influences the mixing and flow pa tte rn  giving it the features 
of an estuary. Apart from the tides, the seasonal outbursts 
of the monsoon have g rea t bearing in controlling the environmental 
factors which in turn a ffe c t the distribution of the fauna and 
flora in the estuary.
In recent years, several ecological changes have taken 
place in this ecosystem as a result of man made interference 
such as deforestation, dredging operations, reclamation processes, 
releases of pollutants from industries and agriculture and over­
exploitation of nursery grounds. Heavy accretion and siltation 
of sand and silt by Pamba and Periyar river discharge, as a 
result of acute deforestation have not only reduced mean depth, 
thus a ffec ting  tidal influence in the upper reaches, but also 
affec ted  adversely the bottom topography and nursery beds. 
The dredging operations and reclam ation processes going on 
a t present in Cochin backw ater may have serious im pact on
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the seed resources due to  increase in turbidity of waterbody 
to  a  larger extent.
A lm ost a ll  culturable brackishwater fishes differ 
from the riverine fishes (with spawning period res tric ted  to 
premonsoon and monsoon seasons) in having prolonged periods 
of spawning, the breeding season varying from species to  species. 
This necessitates painstaking collection round the year to  precisely 
dem arcate the peak periods for collection of their seed.
Extensive investigations on the availability of riverine 
spawn in time and space have been undertaken in various states 
of India to  furnish information on the  quantitative abundance 
of spawn, its  composition and the associated ecoI(^icaI factors. 
Since no such inform ation regarding estuarine fish seed is available, 
there  is urgent need for sim ilar well planned prospecting.
From the review of lite ra tu re  on the availability of 
fry arid juveniles of brackishwater fishes, it is apparent that 
in most cases only qualitative information is available. Even 
when quantita tive  data  a re  collected, important aspects like 
numerical superiority of the seed of desirable species, catch 
per standard e ffo rt e tc . have not been dealt with. Despite
the fac t th a t the distribution of fish fry and juveniles "is highly  
influenced by fluctuations in environmental characteristics, no 
earnest a ttem p t has h itherto  been made in substantiating their 
correlation. The type of gear to be selected for different 
environment also depends essentially on the degree of turbulance, 
velocity of tidal current, tidal amplitude and reversal of current 
a t  the turn of tide. Above all, as the  methods of collection 
and reportir^  have been different among various workers, a 
comparison of the quantitative data  is also difficult.
The information on the distribution and abundance 
of fry and juveniles of cultivable finfishes in time and space 
is scanty , considering the vast potential waterbodies of our 
country. For a  judicious exploitation of the resources, it  is 
necessary to  have up-to -date  knowledge precisely on the magnitude 
of the available resources and on the environmental characteristics. 
Important contributions in this line are  those by Bal and Pradhan 
(t951) on the occurrence of fish larvae and post larvae in Bombay 
w aters during 1944-47; Devasundaram (1954) on the fisheries 
of Chilka lake from 1948-54; Ravish Chandra (1962) on the 
distribution and abundance of fish larvae in Hooghly estuary; 
Rao (1964) on the distribution of larvae and juveniles of Mahanadi 
estuary; Gopalakrishnan (1968) on the collection of brackishwater
fish seed from Hooghly estuary; Tampi (1968) on the cultivable 
marine fish fry resources from brackishwater environment; 
Rao (1970) on the abundance of larvae and juveniles of cultivable 
brackishwater fish in the Pulicat lake; Bhanot (1971) on the 
availability of brackishwater fish seed in Matlah estuary around 
Port Canning; Rao (1971) on the larval ingress of the milk 
fish in Pulicat lake; Bhanot and Gopalakrishnan (1972) on the 
collection of fry of the mullet, Mugil parsia with standard 
spawn collection net; Gopalakrishnan ^  ^  (1975) on the procure­
ment of stocking m ateria l for brackishwater fish culture from 
Hooghly-Matlah estuarine system; Rao and Gopalakrishnan (1975) 
on the seed resources and bionomics of brackishwater cultivable 
fishes o f India; Thakur (1975) on the availability of brackishwater 
fish seed in Kulti estuary, West Bengal; Basu and Pakrasi (1976) 
on the occurrence of milk fish larvae in the Bakkhali region of 
lower Sunderbans; Mukhopadhyay and Verghese (1978) on the 
larvae of Lates calcarifer from Hooghly estuary; Basu and Pakrasi 
(1979) on brackishwater fish and prawn seed potentialities of 
Bakkhali a rea  in lower Sunderbans; Rengarajan and David Raj 
(1979) on the ichthyoplankton of the Cochin backwater during 
spring tides; Silas ^  (1984) on the spawning ground of milk 
fish and seasonal abundance of fry along the east and south 
west coast of India; and Purushan (1989) on the brackishwater
fish seed potentialities of Puduvyepu, Cochin e tc . Besides 
these a  number of lite ra tu re  are available on the breeding 
habits and development of estuarine and marine fishes of India 
which give the idea on the distribution and abundance of seed 
resource to a  considerable extent.
Voluminous lite ra tu re  have been accumulated on the 
general hydrography and biological properties of Cochin backwaters 
and o ther estuarine system which have been the subjects of 
intensive study since last three decades. Studies on physico­
chem ical features of the  Cochin backwater have been reported 
by Balakrishnan (1957), Ramamirtham and Jayaraman (1963), 
George and Kartha ( 1963), Cherian ( 1967]  ^ Qasim and Reddy 
(1967), Qasim and Gopinathan (1969), Sankaranarayanan and 
Qasim (1969), Josanto (1971), Shynamma and Balakrishnan (1973), 
Wellershaus (1973), Sreedharan and Mohammed Salih (1974), 
Balakrishnan and Shynamma (1976), Verma ^  ^  < 1981) and 
Lakshmanan e t  (1987). At the sam e tim e qualitative and 
quantitative study of plankton and its distribution in relation 
to  environmental param eters are  studied intensively in this 
waterbody by George 0 9 5 8 ), Nair and Tranter (1971), Menon 
e t  (1971), Gopinathan (1972), Handas ^  (1973J, Devassy 
and B hattathiri (1974), Joseph and PiUai (1975), Kumaran and
Rao (1975), Madhupratap and Haridas (1975), Pillai £ t  ^  (1975), 
Rao ^  ^  (1975), Silas and Pillai (1975), Madhupratap ^  
(1977), Madhuppatap(1978), Madhupratap and Rao (1979), Jayalakshmy 
e t  al. (1986). Besides, the variations in the  relative proportions 
of specific group such as eopepods, chaetognaths, hydromedusae, 
siphonophores, decapod larvae, and eladocerans have been studied 
by Wallershaus (1969, 1970), Abraham, (1970a, b), PiUai(1970), 
Pillai (1972), Nair (1972), Srinivasan (1972), Santhakumari and 
Vannueci C1972), Mohammed and Rao ( 1972), Pillai and Pillai 
(1973) and PiUai (1973).
A perusal of lite ra tu re  further indicates that the  study 
of diurnal variation of physieo-ehemieal and biological param eters 
in the estuaries and backwaters a re  lim ited to  Godavari estuarine 
system (Subrahmanyam, 1965; Chandramohan and Rao, 1972), 
Vellar estuary (Rangarajan, 1958; Vijayalakshmi and Venugopalan, 
1973), Zuari estuary (Dehadrai, 1970; Singbal, 1973; Goswami 
e t a l., 1979), Mandovi estuary (Goswami, 1974; Singbal, 1976) 
and Cochin backwaters (George and Kartha, 1963; Qasim and 
Gopinathan, 1969; Shynamma and Balakrishnan, 1973; Pillai 
and Pillai, 1974; Balakrishnan and Shynamma, 1976; Madhupratap 
and Rao, 1979; MPEDA,1980; Ravindran, 1983),while the information 
on the diurnal variation of the fish seed resources is lacking
except the few reported by Sarojini (1958) on Hooghly estuary; 
Rao (1971) on Pulicat lake; Basu and Pakrasi (1976, 1979) on 
the Bakkhali region of lower Sunderbans and Jam es ^  (1984) 
on the occurrence of grey mullet seed a t Mandapam.
From the review of lite ra tu re , i t  is clearly understood 
tha t no such steps has been taken to study the distribution 
and abundance of fry and juveniles of cultivable finfishes in 
Cochin backwaters and the  coastal areas around Cochin, known 
to be highly productive and potentially rich nursery ground 
for many of the cultivable finfishes and shellfishes, particularly 
in re la tion  to  the environmental param eters. Thus the factors 
such as, lack of knowledge on the availability of fish seed 
in space and time, increase in demand for seed resources for 
culture purpose, man made ecological cheuiges occurring in 
the environments, indiscriminate fishing causing non-availability 
of brood stock for fu rther recruitm ent, over exploitation of 
nursery beds and failure in procurement of seed through controlled 
breeding technique, necessitate  a detailed investigation on the 
availability of fish seed and the im pact of environmental factors 
on it, for judicious exploitation of the resource.
It is an established fac t tha t the environmental factors, 
both physico-chemical and biological, could influence considerably
on the distribution and abundance of fry  and juveniles of finfishes. 
Among the hydrological param eters in the estuary, salinity 
is the  most im portant one, since i t  regulates the  entire biological 
activ ities of the ecosystem . The salinity fluctuations are very 
wide in Cochin backw ater system because of the influence 
of monsoon and consequent run off from land. During the 
premonsoon season, the surface salinity exhibited considerable 
increase and may be in terpreted  as the season of highest salinity 
when the influence of the  seaw ater is a t  its  maximum through 
out the estuary. During monsoon, large quantities of freshwater 
enter the  estuary from nearby rivers and from the rainfall, 
resultir^in  very low saline condition. With such pronounced seasonal 
variations in the salinity and associated environmental param eters 
in the ecosystem, the  distribution of fish seed is bound to  vary 
in d ifferent gradient systems.
It is well known th a t generally the  tiny seed remain 
in shallow w ater where the  current is very mild and where 
the region is rich in required food organisms. These move 
to  and fro in the estuary along the marginal water during tidal 
rise and fall. Bearing in mind all above facts, the sites selected 
for the present investigation comprise the  shallow marginal 
backwaters representing lower salinity range and coastal in tertidal 
w ater of comparatively high salinity.
The present investigations were carried out in Cochin 
backwater system and coastal in tertidal water, adjacent to 
Cochin, which deals with the distribution and abundance of 
the fry and juveniles of cultivable finfishes in relation to  the 
environmental param eters such as tem perature, salinity, dissolved 
oxygen, pH, dissolved inorganic nutrients, phytoplankton and 
zooplankton. The study aims to  provide the information on 
the pa tte rn  of recruitm ent, abundance in space and time, delineating 
the ’reasons for the  abundance and fluctuation in occurrence 
of d ifferent species.
The Cochin backwater system, the largest of its kind 
on the west coast of India extending from Alleppey to  Azhikode 
has permanent connection with the  sea a t Cochin and Azhikode. 
The present investigations were made a t  four selected stations, 
three of which located in Cochin backwater a t Karuthedam 
(station I) representing backw ater system; South Puduvyepu (station 
II) and North Puduvyepu (station III) both representing estuarine 
system and vypeen light house (station IV) representir^  intertidal 
water of the  sea (Fig. 1 j P la te
The studies were carried out during the period February 
1989 to September 1989. However, in station III, the samples 
could be collected from month of May onwards. The materials 
for the study were collected from all the four stations simultane­
ously a t every fortnight, on every full moon and new moon 
days; the tim e of collection being uniformly between 0800 to 
1200 hours. Along with the collection of fish fry and juveniles, 
the hydrographical samples, phytoplankton and zooplankton were 
also collected from each station with a  view to studying the 
influence of these param eters on the distribution and abundance
Fig..l. Map showing the location of sampling stations*
Fig. 1
PLATE U: Photograph showing station  IL
PLATE I
PLATE rV; Photograph showing station  IV.

of fish fry  and juveniles. The detailed techniques involved 
for the collection o f each sample and analysis are given below'.
Fry and juveniles:
The gears used for the  collection of fry of finfishes 
d iffer considerably depending on the species of fry to be caught 
and the  nature  of the  environment from which the seed has 
to be procured. Midnapore shooting ne t (Anon, 1965) is the 
one, which has got wide applicability for the study of the d istri­
bution and abundance of fry. But the operation of the same 
is lim ited to  the regions where tidal fluctuations are appreciable, 
as i t  is operated  against the  direction of water current. Small 
dipnets made of fine meshed cloth which may be either triangular 
or circular in shape a re  also operated for the collection of 
m ullet fry. Sometimes the  enclosure ne t and fyke nets are 
also used for this purpose (Rajyalakshmi, 1980 and Jhingran, 
1983). Besides this, the  fry of muUet and bhekti a re  caught 
by hapa net, a simple rectangular cloth piece or rectangular 
bag (mouth 1 m x 0.5 m and length 1 m) made of mosquito 
netting  (Rajyalakshmi, 1980 and Jhingran, 1983). The gears
used for the collection of milk fish fry differs from place to
apfil .
place even from  country to  country.
A
It is weU known that the tidal influence of Cochin 
backwater system is of very less magnitude and the stations 
selected for the present investigations are charaoteristieally 
different in nature from each other in terms of tidal influence, 
wave action and topography. Thus keeping in mind all these 
factors and for maintainii^ the uniformity in the application 
of effort, a hapa net was selected for the collection of fry. 
At the same time a surf net was also used as a secondary 
gear. The hapa net designed for the purpose was of size 1.8 
X 1 m mouth and 1 m length and the surf net of 1.8 x 1 m 
size. It was operated for 30 minutes a t each station by hauling 
the net at the shallow margin of the selected site of the backwater 
and by hauling from the far end towards the shore in the inter­
tidal water of the sea with the help of two persons. The number 
of hauls within half an hour and duration of each haul was 
also recorded. The operation of gear for 30 minutes was considered 
as one unit effort. The juveniles were collected by operatir® 
a cast net of diameter 5 m with the mesh size 8 - 10 mm 
(from the centre towards the periphery of the cast net). The 
east net was operated ten times in every station durir^ each 
time of sampliT^ and this ten hauls were considered as one 
unit effort. An experienced fisherman was engaged through 
out the investigation period for the operation of cast net and
other gears e ffec tive ly . The collected seeds were preserved 
in 5% neu tra l form alin a t  the s ite  and w ere brought to  the 
laboratory  fo r qualita tive  and quantita tive  analysis. The fry 
of d ifferen t fishes were identified based on the characters 
given in the  key for identification  of larvae {Chidambaram and 
Kuriyan, 1952; Sarojini, 1958; Rangaswamy, 1978 and 1985; 
Rajyalakshmi, 1980 and Brave and Jalihal, 1987). Juveniles 
were identified  following -FAO species identification sheet for 
fishery purpose (Fischer and Bianehi, 1984).
Various scales of length m easurem ents are in vogue 
to d iffe ren tia te  fish fry  from juveniles. Since these scales 
are species sp ec ific , a uniform range could not be a ttribu ted  
to dem arca te  fry from  juveniles in the  present investigation. 
Hence, fry  co llected  in fry  ne t and measuring lesser than 35 
mm in to ta l  length were re fe rred  as fry, while those collected 
in c a s t n e t and having a  size  range more than 30 mm in to ta l 
length w ere considered as juveniles.
Hydrography:
The hydrographical param eters studied were w ater 
tem p era tu re , salinity, dissolved oxygen, pH and inorganic nutrients 
such as n itr ite , n itra te , phosphate and s ilica te . The water 
sam ples w ere co llected  by using a plastic bucket. The rainfall
d ata  of Cochin for the  period of investigation was collected 
from the daily w eather report of Bharat Mausam Vigyan Vibhag, 
India M eterological Departm ent. The w ater tem perature was 
measured by usir^  a  0® to  50®C marked ordinary thermometer. 
Salinity of the w ater sample was estim ated by Mohr-Knudsen 
method as described by Strickland and Parsons (1968). The 
dissolved oxygen content of the w ater sample was estim ated 
by the  modified Winkler technique as given by Strickland and 
Parsons (1968). The estim ations were done in the laboratory 
a f te r  fixing the sample with Winkler A and Winkler B solution 
a t the collection site  itse lf. pH of w ater sample was measured 
using digital pH m eter.
The w ater sam ples for the  estimation of nutrients 
were collected in suitable polythene bottles and analysed on 
the sam e day a f te r  carrying to the  laboratory in an ice box.
N itrite-n itrogen  was estim ated  by Bendschneider and Robinson 
method (Parsons e t  1984). The absorbance was measured
a t 540 nm. The n itra te -n itro g en  estim ation was done according 
to  Morris and Rilay method as described by Parsons ^  ajL 
( 1984). The absorbance was measured a t 540 nm. Murphy 
and Rilay method was employed for the estimation of phosphate 
(Parsons e t  al.,1984), where the extinction was measured at
885 nm. Silicate-silieon was estim ated  by Midin and Rilay 
method as described by Parsons ^  , 1984. The extinction 
was measured a t  810 nm. Double beam spectrophotom eter 
was used for measuring the extinction for the  analysis of nutrients.
The sam e instrum ent was used through out the period of study 
to  avoid the instrum ental e rro rs .
Phytoplankton:
The plankton sam ples were collected by filtering 100 
litres  of w ater from each  station, using a 15 litre  capacity 
graduated plastic  bucket, A bolting silk net o f mesh size 0.069 
mm was used for filtering the collected w ater samples. Immediately 
a f te r  collection the plankton samples were preserved in 5 9S 
neutral formalin and exam ined in the laboratot;y. The preserved 
samples were throughly shaken and from each, one ml sample 
was transferred  to  a counting cham ber (Sedwick ra f te r  cell) 
and all the organisms contained in i t  were analysed qualitatively 
and quan tita tive ly  using a  compound microscope.
Zooplonkton:
Zooplankton sam ples were collected from all four 
s ta tions. Horizontal surface tows were made covering a distance 
of 25 m ts with the  help of a zooplankton ne t of 30 cm diam eter 
and of mesh size 0.3 mm. The samples were preserved in
5% neutral form alin for de ta iled  study in the  laboratory. The 
d ifferen t groups of zooplankton were sorted  out, identified 
and counted num erically  w ith the  help of a zooplankton counting 
tray . The to ta l  count obtained was than expressed as the osuit 
per cubic m etre  of w ater. The dominant forms which constitu te  
the  major share  of the biomass were identified upto species 
level.
Diurnal variation:
Since s ta tio n  II and s ta tion  III were found to be potentially 
rich in the  availability  of fry and juveniles, these stations were 
selec ted  for observing the  diurnal rhythm in their distribution. 
Sampling for diurnal varia tion  was done on the last day of 
July a t every th ree  hours in te rv a l , s ta r tin g  from 0900 hours 
in s ta tio n  II, 1000 hours in station  III and continued till the 
sam e tim e of the next day. In addition to  the o ther hydrobio- 
logical p a ram eters , the tida l am plitude were also recorded from 
the wooden poles fixed, both a t  s tation  II and III.
S tatistica l analysis:
The resu lts  obtained during the present investigation 
were processed statisticaU y to  obtain the mean and standard 
deviation of each ch a rac te r , separately for the four stations 
studied. C orrela tion  analysis was also carried  out and tested
by ' t ’test (Snedeeor and Cochran, 1967) to  understand the in terrela ­
tionship among the hydrobiological param eters and between 
the hydrobiological pa ram eters  and the abundance of fry and 
juveniles.
The variations in the distribution and abundance of 
fry and juveniles of cultivable finfishes were observed during 
the present investigation in all the four stations. Fluctuations 
in environmental param eters such as rainfall, water temperature, 
salinity, dissolved oxygen, pH, dissolved inorganic nutrients, 
phytoplankton and zooplankton were also studied. The variations 
observed during the period of study are discussed below:
1. METEOROLOGICAL OBSERVATIONS:
1.1. Bainfalh
The fortnightly rainfall during the period of study 
is given in table 1-4. During the year 1989, Kerala received 
a copious amount of rainfsilL Without exception, Cochin and 
its  adjacent areas also received good quantity of rainfall during 
south west monsoon. The maximum of 472 mm rainfall was 
experienced during first fortnight of June followed by 378 mm. 
durii^  second fortnight of July. The to ta l amount of rainfall 
recorded a t  Cochin durir^ the period of study was 227 cm.
2. HYDROGRAPHICAL PARAMETERS;
2.1. Temperatiui^:
Variations in tem perature in the four stations are
given in table 1-4 (Fig. 2-3). The surface tem perature values 
for the en tire  period of observation reflec ted  the climatic condition. 
In station  I, the maximum tem perature  recorded was 32.5°C 
during month of May and the  minimum of 28.5°C during second 
fortnight of Ju ly  and August.
In S tation II, the  maximum tem perature of 32.0"C 
was recorded during May and minimum of 28.0°C during August.
A maximum tem p era tu re  of 32.0°C during May and 
minimum of 28.5°C d u rir^  july and August were observed a t 
station  III.
In s ta tion  IV, the  tem perature  as high as 32.5°C during 
May and as low as 28°C  during July and August was recorded.
In general, the tem pera tu re  was found decreasing progre­
ssively with the  onset of monsoon.
2.2. Salinity:
The variations in salinity observed in four stations 
are given in table 1-4 (Fig. 2-3). Wide fluctuations of salinity were 
observed during the present investigation in all the four stations. 
The highest salinity of 13.97%„ was noticed during March and 
the low est salinity of 0.54 96 o during August in station I.
In s ta tion  II the  maximum and minimum salinity recorded 
were 23.94%^ during April and 2.25%o during August respectively.
In s ta tion  III, the  range of salinity observed was from 
a high of 14.32 during May to  a low of 1.94%^ during August.
A maximum of 3 3 . 6 5 during April and a minimum 
of 17.19%^ salinity during August were recorded a t station 
IV.
The salinity was fairly high during February to  May 
and the p a tte rn  showed a descending trend with the onset of 
monsoon. From June to  September, the  salinity was found 
to be very low in all the stations, including the intertidal zone 
of the sea  (station IV) which showed a decline to 17.19%o during 
August. The salinity showed a decreasing trend with increase 
in distance from the barm outh to the upstream.
2.3. Dissolved oj^gen:
Variations of dissolved oxygen are given in table 1-4 
(Fig. 2-3) for the  four stations.
In s ta tion  I, the concentration of dissolved oxygen ranging 
betw een 3.02 ml/1 in May to  5.20 mlA in August, showed wider 
fluctuations. It is also discernible th a t the values were high 
during m onth of February-April, June, August and September-
With a maximum dissolved oxygen content of 4,30 
ml/1 during April, s ta tion  II indicated a decreasing trend during 
July-Septem ber months registering the minimum value of 1.93
ml/1 during August.
S tation III, studied from the month of May onwards 
showed a com paratively narrow range of dissolved oxygen concent­
ration with the  minimum of 2.62 m l/l in May and a maximum 
of 4.44 ml/1 in July.
Dissolved oxygen concentration, ranging between 3.85 
ml/1 in June and 5.88 ml/1 in April, showed comparatively high 
values in s ta tion  IV.
It is also evident tha t, the dissolved oxygen content 
showed high values during newmoon phase in all the stations 
except in s ta tion  III.
2.4. pH:
The variations of pH for the different stations are 
given in Table 1-4 (Fig. 2-3).
With the  surface w ater evincing considerable fluctuation 
in its  pH values, premonsoon period recorded maximum values, 
with the  minimum pH prevailing during monsoon months, pH 
was found increasing again, towards the la te r  period o f investigatioa
In s ta tion  I, pH indicated very l i t t le  variation within 
the range of 7.17 in July to  7.72 in April. However, during 
the newmoon phase of August, the value was as low as 6.95.
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Fig. . Variations of physico-chem ical p a ra m ete rs  in s ta tio n
II during February to  Septem ber, 1989.
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Fig. 3 . Variations of physico-chem ical p a ra m e te rs  in s ta t io n  
IV during February to  S ep tem ber, 1989.
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In station II, representing the estuarine medium, pH
was found higher than in station I throughout the period of
study with a minimum of 7.25 during August and a  maximum 
of 8.03 during May.
Station III also indicated -higher pH, with the values 
declining to a minimum of 7.27 in August and increasing thereafte r 
to a  maximum of 8.12 towards the la te r  half of the same month.
Of all the stations studied, the intertidal zone at
station  IV recorded higher values of pH throughout period of
investigation with the maximum value of 8.17 registered during
September and with the lowest pH of 7.48 recorded during the 
first half of August.
The pH in general indicated an increase in value with 
the increase in distance from head stream  to the barmouth.
2.5. Nutrients:
The distribution o f nutrients in the four stations are 
given in tab le  1-4 (Fig. 4-5). The results showed a marked rhythm 
in the ir distribution. The concentration of all the four nutrients 
such as n itr ite , n itra te , phosphate and silicate was found to 
be very low during the  premonsoon months but ind ica ted  a 
sharp increase during the  monsoon period, followed by steep 
decline in concentration towards the  end of the study period.
The results obtained during the observations are summarised 
as follows;-
2.5.1. N itrite:
The n itrite -n itrogen  concentration showed an interesting 
featu re  in the  distribution. The values obtained were considerably 
low throughout the period except in monsoon in all the four 
stations.
S tation I had a minimum n itr ite  concentration of 
0.65 yUg at/1 in February, which was found to increase with 
the onset of monsoon reaching the maximum of 1.47 ^ug at/1 
in June. T hereafter, the value registered steady decrease towards 
the end of Septem ber.
In station  II, the n itr ite  concentration was the lowest 
during February, the value being 0,75 ^ug at/1. It was notice­
able th a t  the  n itr ite  concentration remained low till May, increasing 
th e re a f te r  during the monsoon months to reach a  maximum 
of 2.42 ^ug at/1 in July.
In sta tion  III, a sharp fluctuation of n itrite  concentration 
with highest values during monsoon months was noticeable. 
This s ta tion  had the minimum value of 0.85 ^ug a t/I  in May 
with the maximum value of 2.88 ^ug at/1 during July.
It was interesting to note that station IV showed very 
low concentration of n itr ite  with the lowest value of 0.42 
yug at/1 during February. Nevertheless, during the monsoon 
period, comparatively high values could be noticed with a maximum 
of 1.13 ^ug at/1 during July.
A comparison of the nitrite content in the four stations, 
indicated very low concentration in station IV, with higher 
values obtained from station III.
2.5.2. Nitrate:
The concentration of nitrate also followed similar 
distribution pattern  as n itr ite  with lower values during premonsoon 
and higher values during monsoon periods.
At station I, the NO^-N concentration varied between 
2.04 yUg at/1 during March to 9.40 ^ug at/1 during June.
In station II, the values fluctuated between 2.07 ^ug 
at/1 in February to 8.60 ^ug at/1 in June.
In station III, however, while the nitrite content showed 
higher values compared to tha t of station I and II, nitrate indicated 
reduced concentration. In station III, the lowest value was 
2.46 yUg at/1 in February while the highest value was 6.32
^ug at/1 during July.
In station IV, the values were comparatively low panging 
between 0.91 ^ug at/1 during March and 3.31 ^ug at/1 in July.
2.5.3. Phosphate:
Exhibiting wider fluctuations through time and space, 
phosphate concentration was found to follow a pattern similar 
to tha t of n itrite  and nitrate.
In station I, with a minimum value of 2.33 ^ug at/1 
during February, the phosphate content showed a gradual increase 
reaching to  a maximum of 10.75 ^ug at/1 in May and declining 
thereafter reaching to a minimum of 1.32 ^ug at/1 during August. 
However, the values registered an increase towards the month 
of September.
In station II, the least concentration of phosphate 
was noticed in February, the value being 3.91 ^ug at/1. Exhibiting 
a higher range upto 35,27 ^ug at/1 during the monsoon period, 
the phosphate content showed a declining trend thereafter.
Station III, with a concentration o f 10.25 ^ug at/1
in February and 31.05 ^ug at/1 in July, was found to maintain
a comparatively rich phosphate content with a peak during 
the monsoon season.
With the phosphate concentration ranging from 1.20 
^ug at/1 in February to 6.70 ^ug at/1 in June, station IV showed
lesser co n ce n tra t io n  especia lly  during pre  and post monsoon 
months under study.
2.5.4. S ilica te :
With com p ara tiv e ly  high values, s ilica te  concentration 
was found to  follow a f luc tua tion  p a t te rn  sim ilar to  th a t  of 
o ther  n u tr ien ts  s tud ied .
In s ta t io n  I, eventhough the minimum value of 9.2 
^ug at/1 was recorded  during February, it  shot up to  17.1 ^ug 
at/1 in March but declined  th e re a f te r  to  increase again during 
monsoon period, reaching  to  a maximum of 98.2 ^ug at/1 in 
August. However, during the  subsequent period of August and 
S ep tem ber, s i lica te  co n cen tra t io n  fu r th e r  showed a genera l 
declining trend .
Following the  sam e distribution p a t te rn  as in s tation  
I, the  s i l ic a te  co n ten t in s ta t io n  11 ranged from 10.5 ^ug at/1 
in F eb ruary  to  94.4 ^ug at/1 during August while in s ta tion  
ffl the  range was within 17.7 ^ug at/1 in September and 89.6 
^ug a t / i  in July.
S ta t io n  IV, though w ith lower concentration  of silicate  
ind ica ted  w ider f luc tua tions  with a peak during July; the maximum 
value reco rd e d  being 10.3 ^ug a t /1 . The minimum concentration  
of 1.1 ^ug at/1  was reco rded  in February.,
Fig. 4 . Variations in nutrients concentration a t  s ta tion  
II during Febpuary to  September, 1989.
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3. PHYTOPLANKTON:
The variations in phytoplankton abundance (eells/m^) 
in four s ta tions  through d iffe ren t months a re  given in Table 1- 4 
(Fig. 6-7).
The concen tra tion  of diatom s were relatively high through­
out the year (Fig.8), but i t  was .subjected to  considerable seasonal 
variations. The highest concen tra tion  of phytoplankton was observed 
during premonsoon period a t  sta tion  I, II and III and during early 
monsoon in s ta tion  IV. Minimum concentration was obtained during 
monsoon followed by an increase in number again during post 
monsoon ie. in Septem ber, thereby indicating two peaks in all 
the four s ta t io n s  studied.
In s ta tion  1, the maximum concentration observed was
Q Q 3 3
302 X 10 cells/m  during June and minimum of 76 x 10 cells/m
during July-
o 3
A maximum of 806 x 10 cells/m during May and minimum 
of 212 x 10 cells/m during July were recorded in station II.
In s ta tion  III, the concentrations ranged between 197 
X 10^ cells /m ^ in July to  696 x 10^ cells/m^ in May.
Very dense populations of phytoplankton was observed 
in s ta tion  IV throughout the period of investigation with a maximum 
of 219x10^ cells/m  during June and a  minimum of 381x10 cells/m  
during March.
It is discernible from Figure 8, tha t phytoplankton abun­
dance was largely contributed by diatoms such as Coscinodiscus 
spp* Nitzschia spp., Skeletonema spp,, Pleurosigma spp. Navicula 
spp-j Rhozosolenia spp.a n d  Bi ddulphia spp. Among these,Coscinodiscus 
spp. was found to contribute the highest percentage to the total 
phytoplankton throughout the year in all four stations except in 
station H and IV. Skeletonema spp. Biddulphia spp. was found to 
be dominating during Feb-April and May respectively in station 
IV. Pleurosigma spp. were found dominating during February in 
station II. Other species which contributed to the total standing 
stock are listed in table 5. Among the blue green algae, the species 
such as QscilLatoria sp. Nos toe sp. and Anabaena sp. were also 
found to contribute a larger share during monsoon, Anabaena sp. 
was found to be dominant during the la tte r  part of May and in 
June in all the stations except in station IV; whereas OsciUatoria 
sp. was found in huge numbers during June and July in station 
II and III. As high as 42 % of the total phytoplankton was contributed 
by Oscillatoria sp. during second fortnight of June in station II. 
Nostoc sp. was found to occur during June to  August more or 
less In same concentration in all the stations, except in station 
IV. However, among the blue green algae, only Anabaena sp. was 
noticed in few numbers during 2nd fortnight of May and June
in station IV.
D inoflagellates such as Peridinium spp., C e r a t i ^  
spp. and Dinophysis spp. were recorded in larger quantities
Fig. 6 Histogram showing the varia tions  in num erica l
abundance of phytoplankton and zooplankton in 
relation to  tem p era tu re  and sa lin ity  a t  s ta t io n
I during February to  Septem ber, 1989.
Fig. 6 . Histogram showing the varia tions  in num erica l 
abundance of phytoplankton and zooplankton in 
relation  to  temg>erature and sa lin ity  a t  s ta t io n
II during February  to  Septem ber, 1989.
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Fig. 7 . H istogram showing the  varia tio n s  in n u m erica l 
abundance of phytoplankton  and zooplankton  in 
re la tion  to  te m p e ra tu re  and sa lin ity  a t  s ta t io n  
IV during F ebruary  to  S ep tem b er,  1989.
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TABLE 5: LIST O F IMPORTANT PHYTOPLANKTON SPECIES 
ENCOUNTERED AT STATION I -  IV DURING FEBRUARY 
TO SEPTEMBER, 1989.
D iatom s:
Amphora spp. Nitzschia closterium
Aster ionet la  japonica N. longissima
Biddulphia mobiliensis N. s e r ia ta
C h ac toce ros  aff inis Pleurosisnna normani.i
C hac toce ros  spp. P. ejongatum
Coscinodiscus perfo ra tus Rhizosolenia robosta
C. radia tus Rhizosolenia spp.
Coscinodiscus spp. Skele tonem a cos ta tum
Fragilar ia  ocean ica SurieJla spp.
Ciyrosif^rna balticuni Synedra sp.
\aviGula spp. Thaiossionema sp.
Thalassiosira decipien's
PinoflaRellates;
C^ercjtiuin furca 
C'eratiufn spp. 
ninopliysi?s spp.
Peridi.nium pentagonum 
P* claudicans 
P. depressum 
Peridxnium spp.
Blue-green ajRae;
O.snllatorio sp. 
Nostoc sp. 
Anabarria ?»p.
Fi^. 8. Histogram showing the p e rc e n ta g e  frequency  of 
the major phytoplankton groups a t  s ta t io n  I-IV 
during February  to  Septem ber, 1989.
80
6 0
4 0
20
0
CD
—
z
I 2
C3 X
a :
i :
u
o o
o D
CD
r
— tr
Z a <
z
z X —
cc
X —
a:
O o o
o o o
S T A T I O N  X
S T A T I O N  X L
Q_
O
I­
>
X
100
80
60
4 0
20
0
F E a MA APR. MAY JUNE JULY AUGUST
S E P T .
<  a: 
z  o
U J ^
CO _J
< _J <
o z
<l1 to Ul1
z:
<
6
!
to
_J
o
CO
> o o
M
X
< a:
H I
< t:) 1X
CE
to a:UJ
o
<J
a: <
1 =) —
UJ UJ X
_i o
CL V?
1 MC/)
_J H
o 0- —
q: Z
U! - 1
O 1
o S •z .
i l l
<
X
u
I
X
CJ
CO
z>
o
to
UJ
z
0  
t-  
LlJ
UJ
CO
1
It:
CO
o(/)
o
o
r>
Q
a:
UJ
Q .
I
U J
CL
Q  X  '  
O  a ,  <
r)
a
Q
m
i  1
O  CQ
ID
0
1  
z
i
c
z
S T A T I O N  X 21
a t  s ta t io n  IV, during prem onsoon period, but were lesser in 
num ber during monsoon. The num ber of dino flagellates was 
very low in a ll o th e r  s ta tio n s ,th ro u g h o u t th e  period of investigation.
4. ZOOPLANKTON
The varia tions  in zooplankton  d istribu tion  in four s ta tions 
are  g iven in ta b le  6-9 (Fig. 6-7).
Q uan ti ta t iv e ly ,  th e  to ta l  num ber o f  zooplankton was 
found to  be h igher during prem onsoon periods a t  all s ta tions 
which showed a  declin ing tre n d  during monsoon season. It 
was observed th a t  th e  abundance was maximum a t s ta tion  IV 
and minimum a t  s ta t io n  I th roughou t the  period of study.
In s ta t io n  I, th e  maximum abundance of zooplankton
3
was reco rd ed  in April, th e  num ber being 200/m . During the 
subsequen t m onths th e  nu m erica l abundance showed a  gradual
3
decline reach in g  to  a  minimum o f 37 num bers/m  during August. 
However, during  S ep tem ber zooplankton population reg is te red  
a  sharp  in c rease .
S ta t io n  II, w ith  denser  population o f  zooplankton also 
had h igher co n c e n tra t io n  during  premonsoon period, the  maximum
3
and minim um num bers o f  th e  population being 644/m during 
February  and 197/m ^ during A ugust respectively .
S ta tion  III, observed  only during May to  Septem ber, 
had its  zooplankton  popula tion  ranging from  230 num ber/m ^
O
in May to  88 n u m b er/m  in August.
S ta tion  IV, witti abundan t population o f  zooplankton
both in t im e  and space , had the  maximum concen tra tion  of
3 11244 num ber/m  in May and  th e  minimum of 337 num ber/m
during A ugust w ith  a  d is t in c t  peak during April-May months.
Q ualita tive ly , th e  zooplankton population included ten  
major groups, such  as: hydrom edusae , po lychaetes , cladocerans, 
copepods, am phipods, c rab  zo ea , o ther decapod larvae, lucifer, 
fish egg  and la rv ae  and m iscellaneous form s. The re la tive  
abundance o f  th e se  form s a re  p resen ted  below: (Table 6-1 (^Fig. 10)
4.1. Hydromedusae:
From th e  tab le , i t  could be seen  th a t  hydromedusae 
reco rded  only  in s ta t io n  II and IV, w ere m ore during premonsoon
3
period. In s ta t io n  IV, th e  maximum num ber o f  382/m was 
recorded  during  April while they  w ere to ta lly  absent during 
monsoon in bo th  th e  s ta t io n s .  The major species rep resen ted  
w ere E irene spp. and B lackfo rd ia  spp. (Table 10).
4.2. Polychaetes:
P o ly e h a e te  la rv ae  and th e ir  adults  belonging to  the
family N eridae  w ere  reco rd e d  in a ll the  s ta tions . Large numbers
were reco rded  in s ta t io n  IV th roughou t the  period. The num ber 
was found to  be m ore during  th e  monsoon period  than during 
prem onsoon season . N um bers as  high was 680 /  w ere obtained 
a t  s ta t io n  IV during th e  m on th  of June. In o ther  s ta tions , 
they w ere sparse ly  d is tr ibu ted ,
4.3. Cladocerans;
C ladocerans  w ere observed  in the plankton collection 
genera lly  during  monsoon m onths  when the  salin ity  o f  w a te r  
was very low. E xcep t in s ta t io n  IV, rep resen ting  the  in te r tid a l 
zone, they  w ere reco rded  in o th e r  th re e  s ta t io n s  during June 
to  August when th e  low sa lin ity  condition prevailed; with the
3
maximum of 31 num ber/m  reco rd ed  in s ta t io n  III. C ladocerans 
in g enera l w e re  rep re sen ted  by Evadne te rg e s t in a  and Penilia 
av irostris .
4.4. Copepods:
Among th e  zooplank ton  groups, copepods constitu ted  
the m ost dom in an t com ponent in a l l  four s ta t io n s  with a com para ­
tive p redom inance  in s ta t io n  IV. Seasonally, th ey  were abundant
during A pril to  Ju n e  in s ta t io n  I, II and IV, th e  la s t  s ta tion
3 '
showing th e  m axim um  d is tr ib u tio n  of 597 num ber/m  during 
May. M ajor spec ies  en co u n te red  w ere Pseudodiaptomus spp. 
and A c a r t ia  spp. Besides t h e s e , la rge  num bers of o ther species 
were also re c o rd e d  (Table 10).
4.5. Amphipods:
G am m arid am phipods w ere  rep resen ted  in a ll the s ta tions  
throughout the  period  of investiga tion . Higher concen tra tion  
was no ticed  during p rem onsoonal period in s ta tion  I and II, 
w hereas in s ta t io n  IV m axim um  num bers w ere obtained during 
July-A ugust period.
4.6. Crab zoea:
Larger num ber of b rach iuran  zo ea  were noticed in 
s ta tion  II and IV during prem onsoon period. These constitu ted  
the m ajority  o f  th e  to ta l  coun ts  of zooplankton during this 
period, w ith th e ir  to t a l  ab sence  during monsoon months.
4.7. Other decapod larvae:
Post la rv a e  o f  penae id  praw ns form ed th e  major com ponent 
in th is  group. C aridean  zo ea  also con tr ibu ted  to  a considerable 
share. R ep re sen ted  in all th e  four s ta tions  under study, decapod 
larvae w ere  dom inan t during th e  prem onsoon periods. Numerically 
they w ere abu n d an t in s ta t io n  II and IV.
4.8. Lucifer:
Few num bers  of lu c ife r  were no ticed  from sta tion  II 
and IV during th e  prem onsoon periods, which were found to 
disappear from  th e  p lank ton  w ith  th e  onset of monsoon.
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t a b l e  10. LIST O F IM PORTANT ZOOPLANKTON SPECIES 
ENCO UN TERED  AT STATION I ^ IV, DURING  
FEBRU ARY  TO SEPTEM BER, 1989
Hydromedusae;
Blackfordia virgin Lea 
Eirene cylonensis  
Polychaetes;
Corophium trLaenonyx 
Photis longicaudata  
C iadocerans:
Evadne te rg es t in a  
PeniJia av irostr is  
Copepods:
Pseudodiaptomus se r r ic a u d a tu s  
P. annandalei 
Labidocera p e c t in a t a  
Acartia  con t ru ra  
A, spinicauda 
A. plumosa 
A. biiobata 
Amphipods:
Gammarid amphipods 
Decapod larvae:
Brachyuran zoea  
Post la rvae  of penae id  prawn 
Lucifgr:
Lucifer hanseni 
Fish eRg and la rv ae :
Ambassis gymnocephaius  
Gobids 
Miscellaneous groupi 
Rotifers  
Mysids
Eutim a com m ensalis
P o lych a e te  larvae
P a raca lan u s  aculeatus  
P. c rass i ros t r is  
Hellodiaptornus cinctus 
Allodiaptomus mlrabilipes 
Acrocalcar^us similis 
Oithona spp.
C ar idean  zoea.
Fish eggs
C um aceans  
Cerr iped  la rvae .
F ig . 9. Histogram showing the p e rc e n ta g e  frequency  o f  
the major zooplankton groups a t  s ta t io n  I-IV during  
February  to  Septem ber, 1989,
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4.9. Fish egg and larvae;
The fish  egg  and la rv a e  w ere  found d is tribu ted  throughout 
the study period  in a ll  th e  four s ta tions , th e ir  occurrence being 
more during A u g u st-S ep tem b er  in a ll the  s ta tions . During the 
above period, la rv a e  of A m bassis gym nocephalus were obta ined  
in good q u a n t i t ie s  from  S ta t io n  I, II and III, w hereas in s ta t io n
IV the  group w as re p re s e n te d  m ainly  by fish eggs.
4.10. Miscellaneous group:
Many o th e r  groups such as  ro ti fe rs ,  c irriped la rvae , 
mysids and cu m acea n s  w ere  rep resen ted  in th is  group in all 
the s ta t io n s  e x c e p t  in s ta t io n  IV.
5, DISTRIBUTION AND ABUNDANCE OF FRY:
The varia tio n s  in to ta l  abundance of fry and re la tiv e  
abundance of d if fe re n t  sp ec ie s  a re  given in Table 11-14 (Fig. 
13).
D uring th e  p re se n t  investigation , th e  fry  of cultivable 
fishes w ere  re p re se n te d  by five  species  such as Liza parsia, 
m acro lep is , Mugil cepha lus , Chanos chanos and Megalops 
cyprinoides., (  f  ( a t e  V -  Vti)
In s ta t io n  I, f ry  o f  only pars ia  and m acrolepis 
w ere e-coutered. They had the ird is tribu tion  m ainly during th e  prem on­
soon period, w ith  a  few  num ber o f  ^  pars ia  occurring during 
August also.
With m ore sp ec ies  of cu ltivab le  fish  fry  d istribu ted , 
s ta t io n  II had p a rs ia  and  ^  m acrolepis, recorded  throughout 
the  period o f  investiga tion . O th e r  species  noticed seasonally 
were eephalus, M. cyprino ides  and chanos.
In s ta t io n  III, sp ec ies  such as  pars ia  and ^  m aerolepis 
were d is tr ib u ted  th roughou t th e  study period, bu t were in lesser 
quan tities  during  th e  m onths May to  Ju ly . eephalus was
obtained only during th e  m onth  of July  and during f irs t fo rtn igh t 
of August, w hile cyprino ides w as recorded rminly during May.
S im ilarising s ta t io n  I, pars ia  and ^  m aerolepis
w ere d is tr ib u ted  in s ta t io n  IV during prem onsoon period only, 
with a few num bers o f  ^  pars ia  occurring  during la te r  half 
of the  s tudy  period also. H owever, unlike in s ta tion  I, o ther 
species like  eephalus, M. cyprinoides and ^  chanos w ere
also en co u n te red  in s ta t io n  IV.
A sc ru tiny  o f  th e  seasonal abundance of fry of d iffe ren t 
species in d ica ted  th a t  th e  to ta l  num ber of fry  obtained per 
unit e f fo r t  w as m axim um  during th e  prem onsoon and early  
monsoon in s ta t io n  II, III and IV. The num ber was found to 
be d ec re as in g  to  a  conside rab le  ex ten t during the  months of 
August and S ep tem ber. But in s ta t io n  I, th e  fry  were obta ined
in a  larg’e r  num ber during February-M ay and in lesser num ber 
during A ugust-Sep tem ber.
Among th e  five  spec ies  o f  fry  of cultivable fishes 
obtained, Persia  was th e  m ost dom inant species, caught in 
all the  four s ta t io n s  th roughou t th e  period o f  study. L. m acrolepis, 
the  nex t dom inan t spec ies  was also found to  have the  sim ilar 
p a t te rn  o f  d is tr ibu tion  as  parsia , but w ith lesser abundance.
The f ry  of cephalus  w as reco rded  only during June 
to August w ith  a  peak  during July . It was obtained from  all 
the four s ta t io n s  e x c e p t s ta t io n  I. A maximum of 46 num ber/ 
unit e f fo r t  was observed  in s ta t io n  II during July.
The fry  of chanos was observed during M arch-
April only from  s ta t io n  II and  IV. A maximum number of 23  ^
unit e f fo r t  was obta ined  in s ta t io n  II during March.
The lep tocepha lus  la rv ae  o f  M. cyprinoides form ed 
one am ong th e  dom inant groups caught during February to  June 
in s ta t io n  II and IV. It w as abundant during the  premonsoon 
period w ith  a peak during A pril-M ay. Their num ber was found 
g rea tly  red u ced  during monsoon with th e ir  to ta l  absence during 
S ep tem ber in a ll th e  s ta t io n s .  The species was not observed 
in s ta t io n  I, during th e  period  of study. In s ta t io n  II, a  maximum 
of 66 n u m b e r /u n it  e f fo r t  was caugh t during April.
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Fig. 10. Variations in abundance of f ry  in re la tio n  to  sa lin ity ,  
phytoplankton and zooplankton a t  s ta tio n  I  d u rin g  
Febnuary to  Septem ber, 1989.
Total obundance 
L izo  p ars i a
L . m a c r o l e p i s 600
9 0
S; 80 
E
a
JL
UJ
o
o
60
4 0  
CD
<
-J2  0
!-
O
o
400
200
lO
E
o
z
o
s<:
Z"
<
_ j
CL
o
o
M
Fig. 11. Variations in abundance o f  f ry  in re la t io n  to  sa lin ity ,  
phytoplankton and zooplank ton  a t  s ta t io n  II du ring  
F ebruary  to  Sep tem ber, 1989.
Fig. I
E3I3 Total o b u n d an ce  
G3  Liza p o r s i a  
^ L .  m ac r o l e p i s  
1111111 Mugi i  cephalus 
18^ ^  Me gal  ops cyprinoides 
C h a n o s  ch a n o s
130
no
03
E
ZJ 9 0
Uf
^  6 0  
<Q
3  
m 40 
<
<
o  20
0
z
Fig. 12. Variations in abundance o f  f ry  in re la tion  to sa lin ity , 
phytoplankton and zooplankton a t  s ta t io n  III during 
May to  Septem ber, 1989.
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Fig. 13. Variations in  abundance  o f  f ry  in re la t io n  to  sa lin ity ,  
phytoplankton and zooplankton a t  s ta t io n  IV during  
February to  Septem ber, 1989.
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Fig. 14'-. Graph showing the  o v e ra ll  s ize  range  and  d o m in an t 
size o f  fry  a t  s ta t io n  i-IV.
Fig. 1 4 i.  Graph showing the  overa ll s iz e  fange  and  d o m in an t 
size of juveniles a t  s ta t io n  I-IV.
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PLATE VI; Photograph showing th e  fry  o f  Chanos 
chanos.
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PLATE VH: P hotograph showing the  la rv ae  o f  
Megalops eyprinoides.
PLATE vni: P ho tograph  showing th e  juven iles  of 
(A) Mugil cephalus (B) l iz a  parsia .
iijimiiiimm
PLATE VII
PLATE X: Photograph  showing th e  juven iles  o f  (A)L a te s  
e a lc a r i fe r  (B) E trop lus  su ra ten s is .
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The overall size distribution of the fry of different 
species caught is given in Fig. 1 4 ,
It is noticeable that, the size of L. parsia ranged 
between 12-35 mm, with the modal size 14-18 mm and the 
size of macrolepis was ranging between 1 2 -2 0  mm with
the modal size 13-15 mm. The fry of M. eephalus obtained 
was ranging in size between 11-38 mm with the dominant length 
range of 12-16mm. The fry of chanos obtained ranged in 
size between 12-35 mm out of which the size of 14-18 mm 
were abundant in number constituting more than 80% of the 
total milk fish fry caught. The leaf like leptocephalus larvae 
of eyprinoides ranged in size between .21-28 mm, with the 
modal size of 24-26 mm,
6 . DISTRIBUTION AND ABUNDANCE OF JUVENILES:
The variations in abundance of juveniles observed in 
four sta tions and the relative abundance of different species 
are given in table 15-18 (Fig. 15-18).
Distribution of juveniles in time and space showed 
that they occur more during the premonsoon period especiaUy 
in sta tion  I, II and III. Station IV with comparatively sparse 
distribution had the seed available only upto July. Among 
the d ifferen t stations, sta tion II was richer in abundance of
juveniles followed by station HI. The maximum number of 
juveniles recorded was 26/unit effort in station II during April.
During- the present investigation, juveniles of nine 
species of cultivable finfishes were recorded. ^  parsia was 
the major species caught throughout the year in all the stations, 
followed by maorolepis, both together constituting more
than 90% of the to tal catch.
Few numbers of Valamugil cunnesius were recorded 
in sta tion I, II and III during monsoon seasons. Juveniles of 
M. cephalus, C. chanos and M. cyprtnoides were obtained in 
fewer numbers only af te r  the onset of monsoon in station II 
and IIL In station IV, only four numbers of juveniles of C. 
chanos were caught during June-July months. It was interesting 
to note tha t none of these species was recorded a t Station
I, during the study period.
Juveniles of pearl spot, Etroplus suratensis were obtained 
occasionally from station II and HI in fewer numbers. Only 
two juveniles of ba tes  calcarifer were recorded throughout 
the period of investigation from station II, one each during 
month of July and August.
The overall size range and the dominant size of juveniles 
■of d ifferent species are given in figure PCqtc V/tl -  ^ ■
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Fig. 15. Variations in abundance of juveniles in relation 
to salinity, phytoplankton and zooplankton a t sta tion
I during February to September, 1989.
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Fig. 16. Variations In abundance of juveniles in relation 
to salinity, phytoplankton and zooplankton a t  station
II during February to September, 1989.
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IV during February to September, 1989.
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iMt s i /e  of £ a t ^  obtained varied between 30­
100 iiuii with the incwjul sj^e 60-90 mm.
I he size of J ia c r Qlepis ranged between 30-110 mm 
with the dominant lengtH range of 55-90 mm. A few numbers 
of ^  c u i m ^ s  recorded were within the size range of 60­
120 min. A si/.o range of 40-155 mm with the dominant size 
of 60-105 rnin wus recorded in ease of ^  cephalus. With 
a size of B5-105 mm, ^  chanos was within the size
range of 4u-l40 mm. cyprinoides which was recorded in
a fewer numbers during the study period, was within the size 
range of 40-125 mm with the dominant size of 60-110 mm. 
The si/.e of suratensis and calcarifer ranged between
''KJ-VOtnin and 65-100 mm respectively.
7, niUKNAh INFLUENCE OF [i YDROBIOLOGtCAL FACTOaS 
ON rill- ABUNDANCE OF FRY AND JUVENILES;
In view of the comparative abundance of fry and juveniles 
at station II and III, diurnal observations were made in these 
stations, depending on the tides. The studies were made at 
every th ree  hours interval with a view to correlate the diurnal 
abundance of fry and juveniles of fishes and the environmental 
parameters, such as tide, time of collection, water temperature, 
salinity, dissolved oxygen, pH, dissolved inorganic nutrients, 
phytoplankton and zooplankton. The results obtained are given 
in Table 19-26 (Fig. 19-23).
7.1. Tid.1 amplitude: (Table 19-20, Fig. 19-22).
Tides of Cochin backwater were of mixed semidiurnal 
type with sutetantial difference in range and time. The results 
indicated that the maximum tidal amplitude to 78 cm at t200 
Hours and 76 cm at 1300 hours were observed in station D 
and III respectively. Likewise a minimum ticfal amplitude of 16 
cm at 0600 hours and 21cm of Q700 hours were observed in 
station tl and HI respectively,
7.1. Water temperature: (Table 19-20, Fig. 19-22).
Water temperature in both the stations were found 
to be the lowest (28*’C) during early morning hours with a marginal 
increase noticed further. The highest temperature of 32.5“C 
was recorded daring T200 hours and 1300 hours at station n 
and III respectively.
7.3. SaUnity: (Table 19-20, Fig. 19-22).
The salinity of the both stations were found to be 
parallel with tide. In station II, the maximum salinity of 4.28Ko 
was obtained during 1200 hours and lowest of 2.16%o during 
0600 hours, when the tides were in the highest and lowest 
amplitudes respectively. In station lU also, the maximum and 
minimum salinity of 2.83%, and 1.20%o observed during 1300 
hours and 0700 hours respectively, were in line with the highest
and lowest tides.
7.4* IMssolved oxygen: (Table 19-20, Fig. 19-22).
High fluctuation of dissolved oxygen content was observed 
in the present study. Lower value of dissolved oxygen was 
recorded during the morning hours, which increased gradually 
reaching its maximum during the afternoon. The oxygen content 
was again found to be reduced gradually and reached the minimum 
level during the next morning. A parallel fluctuation of dissolved 
oxygen content was observed in both the stations, where higher 
values were obtained during hours following highest tides with 
the lowest values during the lowest tides. The values of dissolved 
oxygen ranged between 2.16 ml/1 during 0600 hours to 4.28 
mlA during 1200 hours in sta tion II and 2.62 m /I during 0400 
hours to 4.02 ml/1 during 1600 hours in sta tion  111.
7.5. pH: (Table 19-20, Fig. 19-22).
The variations of pH though narrow, were found to 
be parallel with the tide; higher values of pM during high 
tide and lower values during low tide. A maximum pH value 
of 7*45 during 1200 hours and minimum of 7.18 during 0900 
hours were recorded from station II. Comparatively high 
range of pH value was observed in station III with a maximum 
of 7.52 during 1300 hours and minimum of 7.20 during 2100 
hours.
7.6. Nutrients: (Table 19-20, Fig. 23).
The concentration  of all nutrients such as nitrite, 
nitate, phosphate and silica te  was found changing with tides, 
with high values during ebb tide and low values during high 
tide.
The n itr ite  concentration in sta tion  II with the maximum 
value of 2.69 ^ug at/1 was observed during eb^ tide a t  0600 
hours, while during high tide a t  1200 hours the value was as 
low as 1.66 ^ug at/1. Following the same distribution pattern 
as in sta tion  II, n itr i te  con ten t in s ta tion  III, showed comparatively 
high values ranging betw een 1.79 ^ug at/1 during 1300 hours 
and 2.93 ^ug at/1 during 0700 hours.
N itra te  concentration  was found to  follow a pattern 
similar to tha t of n itr i te .  A maximum nitra te  concentration 
of 7.92 yUg at/1 during 0600 hours and minimum of 3.33 ug 
at/1 a t 1200 hours was recorded in sta tion  II, In station III, 
however, white the n itr i te  concentration showed higher values 
than th a t  of sta tion  II, the n itra te  concentration showed a 
comparatively low value with the concentration ranging between 
3.24 ^ug a t/I  during 1300 hours and 6.95 ^ug at/1 during 0400 
hours. It was also noticed tha t the highest concentration of 
nitra te  was recorded during 0400 hours, when the tide was
rece ding.
Phosphate concentration showed a similar pattern of 
distribution as that of n itrite  and n itra te , with the values inversely 
proportional to that of the tidal amplitude. The maximum 
value of 24.80 ^ug at/1 was noticed during 0600 hours when 
the tide was low and minimum of 17.33 ^ug at/1 during 1200 
hours during high tide, in station II. The concentration of 
phosphate showed a comparatively high value in station Hi 
ranging between 20.23 ^ug at/I during 1300 hours at high tide 
und 28.21 ^ug at/1 during 0700 hours during low tide.
A comparatively high range of silicate concentration 
was found to follow the same fluctuation pattern as that of 
other three nutrients. In station II, a maximum concentration 
of 106.7 ^ug at/1 was noticed during 0600 hours and minimum 
of 71.5 ^ug at/1 during 1200 hours. Station III, exhibited a 
very wide range of silicate concentration ranging between 54.3 
^ug Ht/1 during 1300 hours and 110 ^ug at/1 during 0700 hours. 
The second lowest value of silicate content was noticed during 
0100 hours, after tidal amplitude reached at its highest level.
7.7. Phytoplankton (Table 19-20, Fig. 19-22).
The phytoplankton concentration was found to be in
proportion with the tide in both the stations. The lowest value
of phytoplankton number was rrecorded during lowest low tide,
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which increased gradually reaching the maximum value during 
highest high tide. Qualitative variation of phytoplankton observed, 
indicated tha t during the low tide the fresh water algae such 
Qscillatoria sp. and Nostoc sp. contributed to a large percentage 
of the  population, which had lesser distribution during high 
tide. On the contrary, marine species of phytoplankton observed 
during high tide, were represented by Coscinodiscus spp. Navicula 
spp., Nit/sc hia spp., Rhizosolenia spp., Pleurosigma spp. and 
Gyrosigma spp.
Quantitatively, the maximum number of phytoplankton
3 3
observed in sta tion II was 457 x 10 ceUs/m during 1200
3 3hours, with the minimum of 242 x 10 cells/m obtained during 
0600 hours. Likewise in station III, the maximum of 345 x
10 cells/m  was noticed during 1300 hours and minimum of 
217 X 10^ cells/m^ during 0700 hours.
7.8. Zooplankton: (Table 21, 22, Fig. 19-22).
The zooplankton population was found varying along 
with the tide, the number peaching the maximum during the 
incoming tide and the r e c e d i n g  tide. However, their number 
was found lesser during highest high tide and during lowest 
low tide. It was also observed tha t the number of zooplankton 
per unit area was more during night hours than during day time.
In s ta tion  II, the maximum number of zooplankton 
recorded was during 2100 hours, the number being 384/m^ and
* . 3
the minimum number of 91/m was observed during 0600 hours. 
In station III, the number ranged between 94/m^ during 1300
3
hours to 260/m during 0400 hours.
Qualitatively, from the table 19, 20, it is evident that 
copepods were the most dominant group contributing the largest 
share through the study period in both the stations. Decapod 
larvae was the next dominant group, followed by fish egg and
3
larvae. As high as 294 number/m copepods were recorded 
in station II during 2100 hours, and the number got reduced
3
greatly reaching to a minimum of 44/m during 0600 hours.
3
In station III, the number of copepods ranged from 71/m during 
1300 hours to  126/m during 2200 hours, with the exception
3
of 45/m during 0700 hours.
A differential distribution pattern of decapod larvae 
was observed in station II and III, with the maximum distribution 
during day tim e than in the night time in station II. However, 
in station III, the abundance was maximum during the night
3
hours. In station II as high as 92 number/m decapod larvae 
were noticed during 1500 hours. In station III a maximum of 
57 number/m^ was recorded during 2200 hours and 0400 hours.
The number of fish egg  and larvae also showed similar 
pattern of distribution as in decapod larvae in station HI, with 
maximum quantity recorded during the night hours, whereas 
station II contributed almost to same number throughout the 
period except during 0900 hours, when the maximum number 
recorded was 56/m .
An interesting distributional pattern was observed 
in case of amphipods, the number being very low during the 
day time, but increasing gradually towards the la te  night hours.
O
However, the maximum of 28 number/m of amphipods was 
recorded during 0300 hours in station II. In station III, the
3
highest concentration of 41 number/m was observed during 
0700 hours.
The distribution of oladocerans was setting an almost 
a similar trend in both the stations with their abundance inversely 
proportional to  the tidal amplitude. The maximum number 
was observed during ebb tide and minimum during flood tide.
In sta tion  II, the miscellaneous group mainly represented
3 •by rotifers formed a maximum of 26 number/m during 2100 
hours while in station II this group was not well represented.
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7.9. Abundance o f fry:
Variation in to ta l  abundance of fry and relative abundance 
of different species are given in table  23-24 (Fig. 19-20).
Four species of fry such as parsia, L. macrolepis, 
M. cephalus and cyprinoides were recorded during the present 
study. Among these, ^  parsia was the most dominant species 
caught, followed by cephalus. A few number of larvae
of cyprinoides was recorded during the high tide in both 
the stations.
A maximum of 66 number of fry/unit e ffort was obtained 
during 2100 hours in sta tion  II with their to ta l absence in 
the catch during 0600 hours.
In sta tion  III, the abundance of fry ranged between 
34 number /un it e ffo rt during 0700 hours and 144 number/unit 
effort during 2200 hours. However, during the highest high 
tide and during lowest low tide the number was found to  be 
minimum in both the stations.
7.10. Juveniles:
Variations in to ta l  abundance of juveniles and the 
relative abundance of d ifferent species are given in table 25­
26 (Fig. 21-22).
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Fig. 19. Diel variations on the abundance of fry in relation 
to hydrobiological parameters a t station II.
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Fig- 20. Diel variations on the abundance of fry  in relation 
to hydrobiological param eters a t s ta tion  III.
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Fig. 21. Diel variations on the abundance of juveniles 
in relation to hydrobiologieal parameters a t  station
II.
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Fig. 22. Diel variations on the abundance of juveniles in 
relation to hydrobiological parameters a t  station
m.
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Fig. 23 Diel variations in nutrients concentration a t  station II.
F ^ .  23 . Diel variations in nutrients concentration a t  station III.
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In strttion II, a maximum of 32 number of juveniles 
per umt e f fo r t  was obtained during 0600 hours with a minimum 
of 9 number/unit e ffo rt  during 1300 hours.
A similar trend of dominance of juveniles were recorded 
in station III, like that of sta tion  II, with a maximum number 
of 18/unit e ffo rt  during 0700 hours and minimum of 3/unit 
effort during 1300 hours. However it was observed that, station
II was rich in abundance of juveniles than sta tion HI.
Among the species recorded, parsia was dominating 
in abundarioe followed by macrolepis. However, sporadic
catches of cunnesius, M. cephalus, M. cyprinoides, chanos 
and 2^  suratensis were also obtained.
The aburulfiiicc of juveniles were maximum during 
the lowest low tide both in number and species.
7.11. Tidal amplitude in relation to seed abundance:
The present study revealed that the fry of L. parsia, 
macrolepis and ^  cephalus were abundant during the incoming 
high tide followed by the reccdinj^ ' tide {Table 17, 18, 21, 
22). Nevertheless, tlie distribution was found to be minimum 
during tlie highest high tide and lowest low tide. But larvae 
of M. cyprinoides were observed during incoming high tide and 
at the highest high tide.
The number of juveniles caught was found to be inversely 
proportional with the tidal amplitude. The maximum abundance 
of juveniles was observed during 0600 hours in station II and 
0700 hours in sta tion  III when the tidal amplitude was a t  its 
lowest level. The minimum number of juveniles was recorded 
during 1200 hours in sta tion  II and 1300 hours in station III, 
when the highest tidal amplitude was recorded.
7.12. Time of collection in relation to seed abundance:
It was observed th a t  the fry were abundant during 
morning and evening hours, compared to the afternoon and 
late night hours. However, in the case of juveniles, no such 
difference in their abundance was noticed between day and 
night.
7.13. Temperature in relation to seed abundance:
Further, the fry and juveniles were found to be abundant 
during morning and evening hours, when the temperature was 
comparatively low.
8. STATISTICAL ANALYSIS:
The data of d ifferen t characteristics was processed 
for mean and standard deviation and the results obtained are 
given in table-27. Similarly, to  understand the interrelationships.
the correlation analysi s were carried out and the= significant 
relations ot>served among the hydrobiological features and between 
these param eters  with the abundance of fry and juveniles are 
given in table  28-31. The data  obtained in diurnal variation 
studies were also processed similarly for both station II and
III together and significant relationship noticed are shown in 
table 32-33.
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Cochin backw ate r , by v ir tue  of its  perm anent connection 
with the A rabian sea and by th e  la rge  numbers of rivers draining 
into it,has  a  r ich  supply of planktonic food, which makes it 
an ideal nursery  ground for th e  fry  and juveniles of many finfishes 
and c ru s tacean s . The env ironm ent is mostly influenced by 
monsoon, which resu lts  in pronounced seasonal variation in the 
environmental p a ra m e te rs  as well as in the  prim ary and secondary 
productions. The high river influx and copious land drainage 
during monsoon, add large am ount of nu trien ts  to the system, 
which u lt im a te ly  cause the  flowering of prim ary producers. 
The secondary producers, th riv ing  on this prim ary producers, 
form an im p o rtan t com ponent of the food chain, and these 
together form the  basic food item  for the  fry  and juveniles 
of most of the  cu ltivable  fishes. The dynamic in terac tion  among 
the various p a ram ete rs  in the  backw ater system , influencing 
the rec ru itm en t of fish seed  resources  are  discussed here.
Three seasons are  recognised in a year on the basis 
of c lim atic  condition and monsoonal e f fe c t  along the south 
west coast o f  India. These a re  the  premonsoon season {February- 
May), monsoon season (June-Septem ber) and the postmonsoon 
season (O ctober-January). Although the period for the  present
investigation was re s tr ic te d  only from February  to  September, 
two seasons w ere well d em a rca te d  on the  basis of rainfall 
data  recorded . The to ta l  ra in fa ll  recorded in the  investigation 
period was 227 cm, w ith th e  maximum am ount during June 
indicating th e  onset of monsoon. The ra in fa ll da ta  recorded 
was found to  be much less  than  the average  rainfall of 323 
cm.
The te m p e ra tu re  reg im e  of Cochin backwater system 
generally within a  narrow range  has been found to  be influenced 
by various fa c to rs  like ra in fa ll  and freshw ater efflux (Gopinathan, 
1972; K um aran and Rao, 1975), Solar rad iation  (Sankaranarayanan 
and Qasim 1969; Silas and Pillai, 1975) and flow of underwater 
currents. Though the  cau sa tiv e  fac to rs  a re  many, a general 
distributional p a t te rn  o f  high during premonsoon and postmonsoon 
season, w ith  a  lowering during south west monsoon season has 
been estab lished  in Cochin backw ate r (Gopinathan, 1972; Kumaran 
and Rao, 1975; Pillai ^  1975; Silas and Pillai, 1975). In
the p resen t investigation  th e  tem p era tu re  p a tte rn  during d iffe ren t 
seasons has been in ag reem en t with the  ear lie r  observation, 
where the  values were as high as 32.5‘^ C during premonsoon 
followed by an abrup t decrease  during the  monsoon with a 
minimum value of 28®C. Unlike the  profound seasonal fluctuation, 
tem p era tu re  in genera l was found to  show very l i t t le  varia tion 
among the  four s ta tions  studied . Nevertheless, i t  can be concluded
th a t while th e  fluc tua tion  in s ta t io n  I, II and III can be mainly 
due to  fre sh w a te r  influx, because of the ir  com parative nearness 
to the  head s tream , th a t  ob tained  in s ta tion  IV may be mainly 
due to  under w ater c u rre n t  caused by th e  adjacent marine 
environm ent.
Among the  various environm ental param eters, salinity 
is found to  have trem endous influence on the  existance of flora 
and fauna in an estua rine  system . The variations of salinity 
are very wide because o f the  d iffe ren tia l influence of tide 
and heavy fresh  w ater  dra inage  during monsoon. Earlier observa­
tions have shown th a t the  surface  salinity  rem ains high during 
the premonsoon which is reduced g rea tly  with the onset of 
monsoon (M anikoth and Salih, 1974; Kumaran and Rao, 1975; 
Pillai ^  ^ . ,1 9 7 5 ) .  In the  p resen t study also during premonsoon 
season, sa lin ity  of all the  s ta tions  was very high which may 
be due to  the  heavy influence of tide and lesser influence of 
freshw ater run off. But with th e  onset of monsoon, the  values 
were found to  decrease  d ras tica lly  and this can be a ttr ib u ted  
to the influence  of heavy freshw ate r  run o ff and land drainage. 
Wide f luc tua tions  of salin ity  observed among the  stations; indicated 
the influence of the ir  proxim ity  to  freshw ate r  or marine environ­
ment. Salinity was found showing a  decreasing trend  with 
the increase  in d istance from s ta tions  a t  bar mouth to those
a t upstream . The e x te n t  of intrusion of saline w ater depends 
on the  s t r e n g th  of tid a l  influx and f re sh w a te r  efflux which 
d iffer with seasons. Among th e  four s ta t io n s  studied here, 
s tation  IV showed co m p ara tiv e ly  high salin ity  throughout the  
period, th e re b y  confirming* the  influence of seaw ate r  and less 
mixing w ith  f re sh w a te r .  S im ilarly , in s ta t io n  I, com paratively  
low sa lin ity  range  was observed  and the w a te r  was a lm ost fresh 
during the  m onth  o f  August which may be owing to  the  heavy 
freshw ate r  run  o ff  and th e  le a s t  tida l influence. Likewise 
in s ta t io n  II and HI also, th e  salin ity  with a  higher concen tra tion  
than th a t  of s ta t io n  I, r e a ch e d  a t  i ts  minimum level during 
monsoon.
Dissolved oxygen in w a te r  which is v ita l for a ll living 
beings, plays a  very im p o r ta n t  role in aq u a tic  life. Variations 
in dissolved oxygen c o n ce n tra t io n  in Cochin backw ater in te rm s  
of tim e and sp ace  w ere  s tud ied  by severa l workers(H aridas ^  ^  
1973; K um aran and Rao, 1975; Pillai ^  1975; Silas and
Filial, 1975). A ccording to  thetn , the  dissolved oxygen c o n ten t 
was high during the  monsoon than  during premonsoon season, 
probably due to  heavy p rec ip ita tio n . N evertheless, observations 
made by Nair ^ t  ^ .(1 9 8 3 )  and Nair and Abdul Azis (1987) in 
Ashtamudi e s tu a ry  in d ica ted  th a t  the  very low con cen tra tio n  
of dissolved oxygen tow ards  the  close of premonsoon season 
and early  monsoon, is be lieved  to be caused due to  in tense
pollution and eu troph iea tion . In the  present study, highest 
concentration of dissolved oxygen is observed during monsoon 
season in s ta tion  I and III, which may be due to  heavy precipitation; 
while in s ta tion  II and IV, the  low est value of dissolved oxygen 
concentration observed during monsoon may be a ttr ibu ted  to 
eutrophieation caused by mud bank form ation in the  sea (station 
IV) and the influence of these  w ater being carried by tidal 
influence to  s ta t io n  II, which is s itua ted  in proxim ity to  marine 
environment (Fig. 1). S ta tion  IV showed a  com paratively high 
concentration o f dissolved oxygen throughout the  study period 
which can be a t t r ib u te d  to  c h a rac te r is t ic  breaking of -j/aves 
and dilution of a tm ospheric  oxygen.
The pH of su rface  w a te r  showed considerable fluctuations 
in time and space. E arlie r observations in Cochin backw ater 
(Sankaranarayanan and Qasim, 1969; Silas and Pillai, 1975) and 
in Ashtamudi e s tu a ry  (Nair e t  1983) showed th a t  the maximum 
pH in t h t ^  w aters observed during premonsoon season was mainly 
due to the influence of seaw a te r  of high pH with the  minimum 
range during the  monsoon period. During the  present investigation 
also, it could be seen th a t  higher pH prevailed during premonsoon 
season in all the  s ta tions, with low values obtained during monsoon 
season.
Nair ^  (1983) showed th a t high pH of the  marine 
zone was on account o f  the  intrusion of high saline seaw ater 
and th a t  low values of river zone could be due to  the influence 
of f reshw ate r  and e ff luen t discharges. Among the four stations 
studied under the  p resen t investigation, s ta tion  IV representing 
the m arine zone was found to  have the highest pH values. 
The ranges w ere found to  decrease  in o ther stations with the 
increase in d is tance  from the  marine environment to the  upstream, 
thereby confirm ing the  ear lie r  observations. Nevertheless, 
the range of pH in rep resen ta tiv e  s ta tion  was found to be lit t le  
in s ta t ion  I and IV, com pared to  the  o ther stations. In s tation  
IV, this may be due to  the  extensive buffering capacity  of 
the sea w a te r  which allows only l i t t le  pH changes {Martin, 
1970). In s ta t io n  I, the  low range in pH value may be due 
to the  leas t influence o f tida l w ater .
N utrien ts  in general, showed marked rhythm in the ir 
distribution in tim e and space. Higher concentration of nutrients 
was recorded  in all s ta tions  during monsoon months than during 
premonsoon periods. The value of N02~N was found to be 
very low during premonsoon period in all the  stations and this 
increased a f te r  the  onset of monsoon, which may be due to 
influence of freshw ater run o ff and land drainage. Sankaranarayanan 
and Qasim (1969), and Manikoth and Salih (1974) observing similar 
fluctuation p a tte rn  of in Cochin backw ater, opined th a t
it may be form ed as a resu lt of decomposition of organic 
nitrogen. Pillal ^  (1975) observed the d ifferen tia l distribution 
of n i tr i te  among s ta tions  especially in the ir  peak season of 
occurrence. However, in the  present observation while the 
peak period o f occurrence  was during June-August invariably 
in a ll the  s ta tions, s ta tion  IV representing  marine environment 
showed com paratively  low values. The reasons for this may 
be a t t r ib u te d  to  lesser supply of n itra te  from the sea, from 
which NOg-N is derived as  a  transito ry  s tage  during nitrogen 
cycle (Sankaranarayanan and Qasim, 1969).
The distribution o f  NO^-N in the  Cochin backw ater 
studied by Sankaranarayanan and Qasim (1969) and Manikoth 
and Salih (1974), indicated  the  presence of very low concentration 
of NOg-N throughout the year excep t during monsoon. A similar 
observation was also made in Ashtamudi estuary  by Nair e^ 
^  (1983) and Nair and Abdul Azis (1987). During the present 
investigation also, the concen tra tion  of NO^-N was very low 
in all th e  s ta tions  throughout the  study period except for monsoon 
months. Available d a ta  indicate  th a t  the ra infall and land 
drainage a re  the major fac to rs  contributing to  the  increased 
n itra te  concen tra tion  during monsoon months. Minimum values 
of NO„-N observed in s ta t io n  IV throughout the period and 
in o ther s ta tions  during premonsoon can be a ttr ibu ted  to  the  
very l i t t le  contribution of n i t r a te  from the  sea.
The phosphate co ncen tra tion  as studied by Sankaranarayanan 
and Qasim (1969), Piilai ^  ^ .(1975) is found to  have two peaks, 
during early  monsoon and during post monsoon; while according 
to Manikoth and Salih 91974) the  higher concentration  of PO^-P 
was during postmonsoon period in Cochin backw ater. Similarly, 
Naif ^  ^ .(1 9 8 3 )  and Nair and Abdul Azis (1987) found the increase 
in th e  phosphate value a t  the onset of monsoon rains, recording 
a peak during post monsoon in Ashtamudi estuary . In the present 
study also, the  d istribu tion  of PO^-P showed similar fluctuation 
pa tte rn , but with very wider variations among stations; while value 
as high as 35.27 ^ug at/1 recorded in s ta tion  II, the  maximum 
value recorded  in s ta t ion  IV was only 6.70 ^ug at/1 . This high 
concen tra tion  of phosphate recorded a t  s ta tion  II, substan tia tes 
the ear lie r  views th a t phosphorus contribution of the estuary  is 
largely influenced by ex te rn a l  sources such as  land drainage and 
freshw ater run off (Sankaranarayanan and Qasim, 1969), Further, 
sedim ents in estuaries  as reported  by M ortimer (1941), Armstrong 
and Harvey (1950) and R ittenberg  ^  (1955) and as quoted 
by Nair ^  (1983) are  found to trap  80-90% of phosphorus 
releasing the sam e to the overlying w ater. According to these 
authors, the  to ta l phosphorus of an estuary  can be taken as an 
index of poten tia l fe r t i l i ty  o f  an ecosystem as a whole.
Marked varia tion  in s ilica te  concentration  was observed 
during tlie study period among the  four stations. Maximum 
concen tra tion  of Sio^-Si was recorded during second fortnight 
of July and f ir s t  fo rtn igh t of August in s ta tion  I, II and III, 
while in s ta t io n  IV, a very  low range o f  s ilicate  is discernible 
with an insignificant peak during August. The s ilicate  concentration 
in general was found to  be very low during premonsoon period 
which increased  trem endously  a f te r  the  onset of monsoon. 
Observations by ear lie r  workers indicate th a t  the higher values 
obtained during monsoon can  be e ffec ted  by freshw ater discharge 
(Sankaranarayanan and Qasim, 1969; Nair ^  1983; Nair
and Abdul Azis, 1987). This view of fu r ther substan tia ted  by 
the fac t in the  present observation th a t  the  s ilica te  concentration 
exhibits an inverse re la tionship  with the  salinity  profile as has 
also been noticed  by Sankaranarayanan and Qasim (1969).
The distribution and abundance of phytoplankton in 
Cochin backw ate rs  and in o th e r  estuaries a re  extensively studied 
by several workers. The resu lts  obtained by Gopinathan (1972) 
and Santhanam (1975) in Cochin backw ater and by Mohamed
and Raham an (1987) in Agniar estuary  showed th a t the abundance 
of phytoplankton is maximum during early  monsoon and monsoon 
periods than  during the  premonsoon period. However, the  observa­
tions by Joseph and Pillai (1975), Kumaran and Rao (1975) 
Gopinathan (1981) in Cochin backw ater and Ramdhas (1977) 
in Vellar estuary  indicated th a t  the abundance of phytoplankton
reached i ts  maximum co n cen tra tio n  during premonsoon, while 
minimum co n cen tra tio n  was recorded  during monsoon season. 
In th e  p re sen t  study, the  maximum phytopjankton concentration 
was reco rded  during premonsoon and minimum during monsoon 
period in a ll the  s ta t io n s  ex cep t in s ta tion  IV (Fig. 6-7). This 
is in a g re e m e n t  with th e  observations made by the  la te r  school 
of workers. However, the  concen tra tion  of phytoplankton was 
found to  be increasing  again  towards the  postmonsoon periods 
forming a  secondary  peak as has also been noticed by Gopinathan
(1972). S ta tion  IV ( in te r t id a l  region) showed maximum abundance 
of phytoplankton during ear ly  monsoon months and the reason 
for the  sam e may be a t t r ib u te d  to the  reduction of salinity 
and te m p e ra tu re  during the  early  monsoon (Joseph and Pillai, 
1975), coupled with com p ara t iv e ly  higher nu trien t concentration  
during th is  period* G opinathan (1981) also obtained similar 
results  in th e  inshore w a te rs  o f  the  sea  a t  Cochin.
The m arine forms o f  phytoplankton such as Coscinodiscus 
spp. S kele tonem a spp., N itzschia  spp., Pleurosigma spp, Navicula 
spp. and Rhizosolenia spp. w ere dominant through out the study 
period in a ll the  s ta tions  excep t in s ta tion  II and III during 
monsoon (Fig. 8). In s ta t io n  IV, Skeletonem a costa tum  was 
found to  be dom inating during the premonsoon season indicating 
its  high salin ity  p re fe rence . Kumaran and Rao (1975) observed 
the dominance of S. co s ta tum  through out the  year with peak
during June and Sep tem ber. They have also reported th a t there  
was a b reak  in monsoon during June. The predominance of 
Coscinodiscus spp. throughout the  study period in all the d ifferent 
environm ents brings out th e  to le rance  of the species to higher 
salinity range  (Joseph and Pillai, 1975). During monsoon season, 
the fre sh w a te r  forms such as Qscillatoria sp. Nostoc sp. and 
Anabaena sp. con tribu ted  to  a  la rger percentage  of the to ta l  
phytoplankton, especially  in s ta t io n  II and III. This can be 
due to  reduction  of salin ity  by heavy efflux of freshw ater to 
a considerable ex ten t.  Salinity changes are  found to a ffe c t  
the d istributfon of d inoflagella tes  also (Joseph and Pillai, 1975). 
The species of Peridinium and ceratium  found in the  present 
study in la rge  numbers during premonsoon, were recorded in 
fewer numbers during monsoon in s ta tion  IV, They were completely 
absent during monsoon in o th e r  s ta tions with s tray  occurrence 
during premonsoon. This ind ica tes  the  p reference  of high salinity 
and tem p e ra tu re  by the dinoflagella tes and these factors  are  
believed to  play c ritica l role in the ir  distribution. The presence 
of d inoflagella tes  in s ta t io n  IV may be due to  the ir  com paratively 
high deg ree  of to le rance  to very low concen tra tion  of nutrients, 
when com pared to th a t  of the diatom s (Joseph and Pillai, 
1975).
The seasonal and spatia l fluctuations in the zooplankton 
distribution in the  present investigation were re flec tive  of hydrogra-
phical c h a ra c te rs  of the  ecosystem . During the  premonsoon 
period, the  ra in fa ll  was negligible and the  salinity  of all s tations 
was s ign ifican tly  high. T em pera tu re  also remained high during 
this period and th e  condition m aintained until the onset of 
monsoon. The number of zooplankton per unit volume was 
significantly  high during th is  period when th e  above condition 
prevailed. But the  num ber of zooplankton was greatly  reduced 
during th e  monsoon period when salinity  of w ater decreased 
to  a  considerable  level, with a  corresponding decline in tem pera tu re .
A s im ila r f luc tua tion  of zooplankton abundance during a year, 
with a maximum during premonsoon and a  minimum during 
monsoon period was observed by several o ther workers (Menon 
et 1971; Nair and T ran te r ,  1971; Kumaran and Rao, 1975;
Pillai ^  1975; Silas and Pillai, 1975) in Cochin backwaters.
A para lle l co rre la tio n  was also observed in the present
study be tw een  th e  abundance of zooplankton and the salinity.
Station I recorded  minimum abundance of zooplankton, throughout
the study period due to  the  prevailing low salinity condition
coupled with the lesser concen tra tion  of phytoplankton in this
environm ent. This s ta t io n  recorded  the  le a s t  number of zooplankton
of 37 num ber/m ^ during August with th e  lowest salinity value
3 3
of 0.54%, and a  low phytoplankton concen tra tion  of li^2x 10 c e l l s /m ) .  
However, s ta t io n  IV showed richer population of zooplankton
throughout th e  period of study which can be correlated to the 
prevailing high saline condition and rich concentra tion  of phyto­
plankton.
A review  of the  trend  of the  distribution of different 
groups of zooplankton revealed  th a t  m ajority of them show 
maximum occu rrence  during the high saline period (Table 6­
9). O bservations made by Pillai e t  (1975) and Silas and 
Pillai (1975) ind ica te  the presence  of brachiuran zoea only during 
Decem ber to  May in Cochin backw ater. On the otherhand, 
Menon (1971), and Nair and T ran te r  (1971) reported the
presence of brachiuran zoea  throughout the year with maximum 
abundance during premonsoon. According to  Pillai e t  (1975), 
the hydrom edusae and luc ife r  a re  present only during the  premon­
soon, while Nair and T ran te r  (1971) observed the distribution 
of hydrom edusae and lu c ife r  throughout the  year with a dominance 
during premonsoon. In the  p resen t investigation, hydromedusae, 
brachiuran zoea  and luc ife r were found only during premonsoon 
period, but w ere absen t during monsoon season. The most 
im portant groups such as copepods and decapod larvae were 
also found in the ir  maximum abundance during premonsoon 
period and this is in ag reem en t with observations made by 
Menon ^  (1971), Pillai ^  ^  (1975) and Rao ^  ^  1975. 
The observations made by Pillai e^  (1975) and Silas and
Pillai (1975) on the  d is tribu tion  and abundance of cladocerans, 
indicate  th a t  this group is found during the  la te r  pa rt  of the 
monsoon and postmonsoon months. But in present study, the 
cladocerans were recorded  mainly during the monsoon period 
in s ta t io n  I, II and III, when th e  salinity of w ater  was comparatively 
low and th is  is in line with the  resu lt obtained by the Rao 
e t  ^ (1 9 7 5 ) . While considering the distribution of polychaete 
and its  la rvae, i t  was observed th a t th is  group was dominant 
in s ta t io n  IV, com pared to  the other stations. According to 
Menon (1971), Nair and Tran ter (1971) and Rao ^
(1975) also, these  groups were found more towards the mouth 
of the  es tua ry  with th e ir  seasonal abundance during premonsoon 
period. However, during the  present investigation, this group 
was p resen t both during premonsoon and monsoon season with 
a dominance during monsoon and this may be due to  the ir high 
to lerance capac ity  to  the  turbid environment caused due to 
mud bank form ation. George (1958), Nair and Tranter (1971), 
Menon ^  {197 f  and Silas and Pillai (1975) recorded the 
maximum abundance of fish egg and larvae  during postmonsoon 
period, whereas Rao ^  ( 1 9 7 5 )recorded them  in high numbers 
throughout the  investigation period. However, in the  present 
study, though this group was represented  throughout the investigation 
period in all the  s ta tions , maximum abundance was recorded 
towards the  end of monsoon months.
An overall review of the various hydroblological param eters 
enunciates cer ta in  in te res ting  interrelationships. Earlier studies 
have indicated  th a t  the pronounced monsoon season causes rem ark­
able. seasonal variations to  occur in the environmental param eters 
as well as in primary and secondary production. (Kumaran and 
Rao, 1975; Pillai ^  1975 and Silas and Pillai, 1975). Salinity 
acts as the  major fac to r  controlling the  distribution of the 
organisms in the estuary . The seasonal variations induced by 
the monsoon d irectly  a f fe c t  the  salinity distribution. The in ter­
relation betw een the  hydrographical param eters  in the present 
case, showed tremendous influence of monsoon. However, the 
distribution o f nutrients was found to be -independent of hydrogra­
phical pa ram eters , but they were influenced by the river discharge 
and land drainage. Joseph and Pillai (1975) indicated th a t salinity, 
though has apparently  no influence on primary production in 
the estuary , is one of the  im portant fac to rs  which controls 
the species composition and succession of phytoplankton. The 
present observation is also indicative of the distribution o f  marine 
and freshw ater forms of phytoplankters according to different 
salinity regimes.. Kumaran and Rao (1975) found th a t flowering 
of phytoplankton, soon a f te r  monsoon, in brackishwater is favoured 
by high nu trien t concentra tion  during monsoon and the same 
holds good here also. However, corresponding high in zooplankton 
production is not observed, thereby  indicating th a t the phytoplankton
is not p roportiona te ly  converted  into zooplankton in the  ecosystem, 
as is also observed by Qasim (1970) and Pillai ^  ^  (1975), 
The s t ru c tu re  of association  o f  various components of zooplankton 
is also ind irec tly  linked with salinity because the stability  of 
the niches is controlled  by distribution of salinity . And according 
to Rao ^  £^. (1975) and Silas and Pillai (1975)^ the distribution 
of various species undulated up and down in the  estuary  depending 
on the  salin ity  variation.
S ta tis t ic a l  analysis also showed significant correlation 
among the  hydrobiological p a ram eters  (Table 28-31). The relation 
between the  tem p e ra tu re  and salinity is found to be significant 
a t 1% level in s ta tion  I, II, IV and a t  5% level in s tation  III. 
Among the  four s ta tions  studied, s tation  IV showed significant 
correlationship  among the  hydrobiological param eters. In this 
station, re la tionship  betw een tem pera tu re  and dissolved oxygen, 
tem pera tu re  and pH> salin ity  and dissolved oxygen, and salinity 
and pH a re  found to  be significant a t  1% level. Station II 
also showed sim ilar re lationship between tem pera tu re  and pH, 
and salinity  and dissolved oxygen which a re  significant a t  5% 
level.
S ta tis tica lly , a significant correla tion  was also observed 
between the  hydrographical param eters  and the phytoplankton
and zooplankton d istribution. T em perature  and salinity were 
found to be the  prim e fac to rs  con’ribu tin g  to  the distribution 
of plankton. T em p era tu re  was found to  have significant correlation 
withphytoplankton a t  196 level in s ta tion  la n d  i v  and a t  5% 
level in s ta t io n  It. No such relationship was observed between 
the salinity and phytoplankton in a ll the  s ta tions excep t a t 
station IV, w here i t  is s ignificant a t  5% level. Station IV also 
showed s ign ifican t re la tionship  between dissolved oxygen and 
phytoplankton and pH and phytoplankton which are  not observed 
in o ther s ta tions . A positive correlation was noticed between 
tem perature  and zooplankton, and salinity and zooplankton in 
all the four s ta t io n s  s tudied. However, th e re  was no such 
significant co rre la tion  observed betw een phytoplankton and zooplank­
ton, in all the  s ta tions  ex cep t in s tation  IV, where the correlation 
is significant a t  5% level.
Even though a vast potentia l of brackishw ater area  
is available in our country, a  precise appraisal on the  distribution 
and abundance of fry is wanting. However, the  available information 
in this line ind ica tes  th a t  the  fry in general a re  dominant during 
premonsoon and monsoon season. Of all the  cultivable braokish- 
water fishes, mullets a re  the  most im portan t group occurring 
in our es tuaries  followed by milk fish. The observations by 
Tampi (1968) in b rack ishw ater environm ents in general, Shah
(1975) in Kulti estuary , Basu and Pakrasi (1979) in Bakkhali
areas of lower Sundarbans and Jayabalan ^  ah (1984) in Vellar 
estuary, ind ica te  th a t  the  fry  o f  m ullets a re  distributed through 
out the  y e a r  with the maximum abundance during premonsoon 
period. The investigation by Purushan (1989) a t  Puduvyepu, 
Cochin shows the  presence of mullet fry throughout the  year.
The distribution  p a tte rn  o f  fry of parsia and 1^ macrolepis
observed during the p resen t investigation also indicates an extended
distribution throughout th e  period of study with the  maximum
abundance during premonsoon season. However, fry of cephalus
was mainly abundant during early monsoon. Purushan (1989)
co rre la tes  sim ilar d istribu tion  p a tte rn  of cephalus observed
a t Puduvyepu, Cochin to  a  probable short spawning season of
the species. Fry of ^  chanos has been found distributed during
February-June with peak abundance during April-May in Puduvyepu,
Cochin (Purushan, 1989) and during April-May both in Pulicat
lake (Rao, 1970) and in Bakkhali region of lower Sunderbans
(Basu and Pakrasi, 1976) and in May in Vellar estuary (Jayabalan
(1984). Silas ^  (1985) observed the  prolonged seasonal
availability of milk fish fry along Kerala Coast, deleneating
the peak period during M arch-June. During the present investigation
also, the  results  obtained are  similar to  those of the earlie r
workers with the ir  predom inant occurrence during premonsoon. 
During the present study the leptocephalus like larvae of M.
cyprinoides were found to be abundant during the premonsoon
period which is in agreem ent with the work done by Purushan
(1989).
An evaluatio in  of the  spatial distribution of the fry in 
general shows th a t  they a re  abundantly d istributed in s tation  II 
and III, which may be due to  the ir proxim ity to the bar mouth 
compared to  s ta tion  1. While the absence of fry in s ta tion  IV, 
during monsoon may be assigned to the disturbances due to tidal 
mixings, the lea s t  t ida l influence and high freshw ater influx may 
be the  causes for the  absence of fry in s ta tion  I, dut;ing monsoon. 
While, th is  principle holds good for fry  of mullets and milkfish, 
the lep toeephalus like la rvae  of cyprinoides exhibit a d ifferen t 
p a tte rn  o f  d istribution. It is well known th a t  the passive lep- 
tocephaius  like larvae of cyprinoides ge t drifted along with 
the tida l cu rren t. Their presence in s ta tion  II, III and IV, and 
the ir absence  in s ta t ion  I may be thus a ttr ib u ted  to the positive 
and negative  influence of tide respectively.
A corre la tion  of the  distribution o f  fry in tim e and space 
with the hydrobiological pa ram eters  ind icate  certain  interesting 
fea tu res. Salinity is found to  have a profound influence on their 
distribution both d irec tly  and indirectly. Sarojini (1958J has found 
tha t fry of parsia  was available during January-M ay a t  Hooghly- 
Matlah estuary . In the  present observation also, fry o f  parsia 
and macrolepis were abundant during the premonsoon, during 
which period, high salinity  condition favoured rich plankton produ­
ction. Studies on the biononous of the species shows th a t in the
fry stage^ parsia and m acrolepis feed maiuly on diatom and 
copepods (Bapat and Bal, 1952). A close scrutiny of the plankton 
production in the  cu rren t investigation, also indicates th a t  diatoms 
among phytoplankton and copepods among zooplankton were the 
most dom inant groups especxally in s ta tion  II and III; thereby empha­
sising the  influence of the  favourite  food on the distribution of 
major m ulle t seeds encountered. Thus i t  may be surmised th a t 
an environtnent providing ch arac te ris tica lly  favourable environmental 
p a ram e te rs  and enriched with the  required food items, can be 
used as a  index for the  collection of mullet fry. The fry of 
M. cephalus was recorded during June to August with peak during 
July when the tem p e ra tu re  and salinity showed com paratively 
low value. The fry of ^  chanos were recorded during Mareh- 
April in s ta t io n  II and IV, when the salinity and the tem pera ture  
were high. Studies on the bionomics of the  species show tha t 
the fry feed on phytoplankton only (H iatt, 1944). Thus considering 
the abundance of phytoplankton in these stations, i t  was observed 
th a t the concen tra tion  is adequate  enough to m eet the demand 
by the fry during this period. The feeding habit of fry of M. 
cyprinoides shows th a t they  feed on zooplankton, insects and fish 
fry (Alikunhi, 1957). The presence of la rvae  of ^  cyprinoides 
during premonsoon season showed the d irec t relationship of abundance 
of these larvae  with the zooplankton distribution. The tem pera tu re  
and salinity during this period of abundance were also found to
be maximum thereby indicating the preference of fry of M. 
cyprinoides, to high temperature and high salinity.
Eventhough considerable attention has been diverted to 
understand tlie distribution of juveniles of cultivable fishes, 
most of the contributions evince a combined effort on the fry 
and juveniles together, or as seed in general (Rao and Gopala- 
krishnan, 1975; Basu and Pakrasi, 1979; Jayabalan ^  1984). 
The distribution of juveniles in the present case was found to vary 
considerably with time and space. Juveniles of parsia and 
L. m acroleE is were found to be dominating throughout the year 
with a maximum abundance during premonsoon. Juveniles of V. 
cunnesius, M. cephalus, C. chanos and ^  cyprinoides observed 
only after the onset of monsoon indicate the migration of these 
species to this ground during monsoon. Station II was found to 
be the richest ground in their distribution, followed by station 
III. From a correlation with the prevailing of hydrobiological 
factors, it was observed that the salinity and occurrence of phyto 
aad zooplankton may be favourable for their distribution and abun­
dance. Station I was found to be poor in distribution of juveniles 
than station II and III which might be due to the existance of 
low saline condition, and low concentration of phyto and zooplankton 
abundance. In station IV, the distribution was found to be minimum. 
The h i ^ y  turbulent water during the monsoon and the highly
dynamic n a tu re  of the  in te r t id a l zone, due to  wave action, creating 
an unstab le  h ab ita t may be the cause for the lesser distribution 
of juveniles in s ta t ion  IV. Further, the  hapa net and cas t net 
used as gear in the  p resen t study were found more e ffec tive  in 
s ta tions  with mild cu rren t. Nevertheless, these gears were used 
in s ta t io n  IV also, with a  view to maintain uniformity in gear 
im plem enta tion . Moreover, as Rao and Gopalakrishnan (1975) 
have s ta te d ,  considerable gear research  will have to be carried 
out since the  type of gear to  be selec ted  for areas like estuaries, 
lagoons, and creeks have to  cope up with physical factors  like 
high degree  of turbulance, tidal curren t, tidal amplitude and the 
rev-jrsal of cu rren t a t  the turn  of the tide.
A s ta t is t ic a l  co rre la tion  of the various hydrographic para­
m eters  with the  abundance of fry and juveniles in d ifferent stations 
showed th a t the d istribu tion  of fry has significant correlation 
with salin ity  a t  1% level in s ta t ion  I & II and with dissolved oxygen 
a t  5% level in s ta t ion  III. The distribution of juveniles was 
found significantly  co rre la ted  with tem pera tu re  and salinity a t  
5% level in s ta tion  II and with tem pera tu re  alone a t  5% level 
in s ta tion  III. But a  positive correla tion between the fry/juveniles 
and plankton was not evident probably because their preference 
to plankton was species specific . However, a significant correla tion 
was observed between fry  and juveniles a t  5% level in s ta t ion  I 
and II. (Table 28-31).
The present study revealed the prevalence of profound 
diurnal varia tions in physical, chemical and biological regimes 
of the ecosystem . Observations by Shynamma and Balakrishnan 
(1973) in Cochin backw ater, Singbal (1973) in Zuary estuary, Singbal
(1976) in Mandovi estuary , and Vijayalakshmi and Venugopalan 
(1973) in Vellar estuary  showed th a t  tem pera tu re  exhibited marked 
diurnal rhythm  in its d istribution with higher tem pera ture  during 
ebb tide  and low tem p e ra tu re  during high tide. However, in the 
present investigation, tem p e ra tu re  was found independent of tidal 
f luctuations. The maximum tem pera tu re  recorded during noon hours 
may be due to  d irec t influence of sunlight and the resu ltan t high 
atm ospheric  tem pera tu re . During the following hours, a gradual 
decrease  in tem pera tu re  was discernible with the minimum value 
recorded during early  morning hours which might be due the prevail­
ing low atm ospheric  tem p e ra tu re  throughout the night. It may 
th e re fo re  be concluded th a t,  apart from tidal influence, solar 
radiation also seems to  be one of the causative factors  for inducing 
diel varia tions of tem p e ra tu re  as has also been observed by Pillai 
and Pillai (1973).
Salinity changes during a  day are  studied by several 
workers like Shynamma and Balakrishnan (1973), in Cochin backw ater 
Singbal ( 1973) in Zuary estuary , Singbal (197S) in Mandovi estuary 
and Vijayalakshmi and Venugopalan (1973) in Vellar estuary . A
direc t relationship betw een the tide and salinity was observed 
by tiiem. In the present study a lso , the changes in salinity was 
found to  follow the tidal rhythm. The salinity values increased 
during flood tide and decreased  during ebb tide, owing to the 
influx of seaw ater  and efflux of freshw ater respectively.
High value of dissolved oxygen obtained during the day 
time and low value during early  morning hours, in the present 
investigation might be assigned to the photosynthetic activity  
during day tim e and community metabolism such as respiratory 
activ ities  of the organisms during night hours respectively. The 
oxygen con ten t of w ater appears  to be independent of tide. Obser­
vations made by earlier workers indicated the similar fluctuation 
trend of su rface  dissolved oxygen concentration in Cochin backwater 
(Shynamma and Balakrishnan, 1973}, in Zuary estuary (Singbal, 
1973) and in Mandovi estuary  (Singbal, 1976).
In the  present case  the changes in pH value were found 
to follow the tidal rhythm with the higher value during high tide 
and lower value during ebb tide. This may be corroborated with 
th? inf lucnoe of seaw ater influx which is of higher pH and influence 
of fresh w ater efflux which is of lower pH respectively.
The study on the  diurnal variations of nutrients by
Shynamma and Balakrishnan (1973J in Cochin backwater, Singbal
(1973) in Zuary estuary , Singbal (1976) in Mandovi estuary indicated 
th a t  while n itra te  and phosphate have no relationship with the 
tide, s i l ica te  showed a marked inverse relationship. However, 
Vijayalakshmi and Venugopalan (1973) in Vellar estuary found an 
inverse relationship of all the nutrien ts  with the tide. In the 
p resen t ease  also, the  nu trien ts  such as  n itr ite , n itra te  phosphate 
and s ilica te  showed an inverse relationship with the tide, with 
the concen tra tion  o f all the  nutrients to be low during high tide 
and increasing gradually reaching their maximum concentration 
during the ebb tide.
Phytoplankton cells  in the four s ta tions indicated a  direct 
relationship with the  rise and fall of the  tide as was also observed 
in Vellar estuary  by R angarajan (1958) and Vijayalakshmi and Venu­
gopalan (1983). The high concentration  of phytoplankton found 
during high tide may be owing to the influence of high saline 
w ater of the sea  which is rich in phytoplankton concentration, 
with the population dwindling during the low tide for obvious 
reasons. During high tide, the  phytoplankton was mainly represented  
by Coscinodiscus spp., Navicula spp, N itzschia spp., Rhizosolenia 
spp. Pleurosigma spp. and Gyrosigma spp., which might be due 
to the influence of seaw ate r  ingress; whereas the freshw ater forms 
such as Qscillatoria sp. and Nastoc sp. contributed a la rger share
during the  ebb tide and this may be due to  heavy efflux of f r e ^  
w ater from upstream .
The zooplankton also had its  peak a t  the incoming high 
tide and receding tide. However, the lowest number was observed 
during highest high tide and lowest low tide. But the observation 
made by Vijayalakshmi and Venugopalan (1973) in Vellar estuary 
showed th a t  the  varia tions in zooplankton number more or less 
followed those of the  tide with the minimum and maximum number 
coinciding with low and high w ater respectively. Copepods and 
decapode larvae were the  im portan t groups of zooplankton contri­
buting to  the maximum p ercen tage  throughout the day. Cladocerans 
showed an inverse relationship  with the tide with the maximum 
number during ebb tide and minimum number during high tide, 
which m ight be due to  the influence of freshw ater from upstream  
and seaw a te r  from the sea  respectively . In general, during night 
hours the zooplankton population was high, when compared to 
the day tim e  which may be due to thevertical migration performed 
in pursuit o f  favourable tem pera tu re . Similar observations were 
also made by Vijayalakshmi and Venugopalan (1973) in Vellar estuary.
An overall review of the diel variations in the hydro- 
biological pa ram eters  ind icated  th a t  tide was the  major fac to r  
influencing the  various hydrobiological fac to rs  such as salinity, 
pH, nutrien ts , phytoplankton and zooplankton. However, tem pera tu re
and dissolved oxygen varia tions were found to be independent 
of tidal fluc tuation . The ve rtica l migration of zooplankton to 
the su rface  layer during night hours indicated the influence of 
the tem p e ra tu re  on the ir  distribution.
The abundance of fry of parsia, L. macrolepis and 
M. cephalus was the  maximum during the incoming high tidCj 
followed by a low during the  receding tide. However, they were 
found to  be minimum during highest high tide and lowest low 
tide. Sim ilar type of observation was made by Basu and Pakrasi 
(1979) in Bakkhali areas, where hourly catches  for first tw o/three 
hours from the  onset of hightide of a day was considered and 
found decreasing  towards the  highest high tide. But Jam es e t  
(1984) observed the  dom inance of mullet fry during the receding 
high tide than during the  o th e r  period. The information by them 
indicated th a t  the seed of mullet en te r into the estuary along 
with the tide. However, the  distribution of M. cyprinoides during 
incoming high tide as well as during highest high tide may be 
due to the drif ting  nature  of the leptocephalus like larvae by 
the tidal action .
With regard to the  tim e of collection, It was observed 
tha t the abundance of fry as a whole was maximum during morning 
and evening hours when the  tem pera tu re  of w ater was relatively
low thereby indicating the preference by the fry for low tem perature- 
However, during the la te  night hours though the lowest tem pera ture  
was recorded, the abundance of fry was found to be minimum 
which may be due to the influence of lowtide.
While a  correlation with the environmental param eters, 
such as salinity, dissolved oxygen, pH and nutrients did not indicate 
any d irec t relationship*, with the abundance of fry, the distribution 
of phytoplankton and zooplankton was found to have some influence 
on the diel distribution of fry. The least concentration of phyto 
and zooplankton was observed during the lowest low tide when 
the abundance to fry was also found to be minimum. Similarly, 
the maximum fry was recorded during the incoming high tide, 
when the zooplankton was found in their maximum concentration, 
with the phytoplankton in m oderate quantities. However,the maximum 
concentration  of phytoplankton was observed during the highest 
high tide, when the fry concentration was found to be low. The 
reason for this may be a ttr ibu ted  to the probable increase in 
volume of w ater in unit a rea  during highest high tide.
The juveniles were found to be abundant during lovjest 
low tide which may be due to the shrinkage of w ater body and 
presence of high concen tra tion  of juveniles per unit a rea  than 
during high tide. Besides, the juveniles were caught in maximum
number during early morning hours when the tem perature  was 
low. The abundance of Juveniles was found to be independent 
of salinity, dissolved oxygen and pH changes. Their distribution 
was also found to be independent of phyto and zooplankton concen­
tra tion. To sum up, i t  was found th a t tide was the key factor 
controlling the distribution and abundance of juveniles.
S tatistically , it  was observed th a t among the param eters 
studied, tide is the key fac to r  influencing all other param eters. 
The relationship of tide with tem perature , salinity, dissolved 
oxygen and pH is found to  be significant a t  1% level. Sinjilarly 
the tem p era tu re  also showed a direct relationship with salinity, 
dissolved oxygen and pH, which are found to be significant a t  
1 % level. The relationship between salinity and dissolved oxygen 
is significant a t  5 9S level, whereas th a t between salinity and pH 
is significant a t  ^% level. Nutrients such as n itra te , phosphate 
and s ilica te  showed a significant negative correlationship with 
the tide . During the study period, there  was no significant in ter­
relationship observed betw een the hydrographical param eters  and 
phytoplankton, zooplankton and fry distribution. However, there 
is a significant inverse re la tion  observed between tide and juveniles 
distribution, which is found to  be significant a t  1 % level, (Table 33).
From the foregoing discussion, it  could be confirmed 
th a t Cochin backw ater with its regular ingress of tides forms 
one of the po ten tia l nursery ground for a number of cultivable 
braekishw ater fishes. The study enables us to throw some light 
on the  influence of ecological regime on the distribution and abun­
dance of fry  and juveniles of these fishes. However, since the 
observations were re s tr ic te d  to a lim ited period of eight months 
covering a  few rep resen ta tiv e  stations, a  complete conclusion 
in term s of tim e and space could not be drawn. Therefore, it 
is suggested th a t  fu rther steps are  to be taken to have detailed 
study in this  line on Cochin backw ater in particular and the entire 
estuarine system  of the  country  in general, envisaging a  full fledged 
braekishw ater fish seed industry to function in the country.
S U M M A R Y
The Cochin backw ater system, the largest of its  kind 
on the  w est coast of India, is im portant as a nursery ground 
for many of the  cultivable finfishes and shellfishes. The present 
investigation aims to  provide an accu ra te  information on the 
distribution and abundance of fry and juveniles of cultivable 
fishes in re la tion  to  environmental param eters, such as rainfall, 
tem p era tu re , salinity, dissolved oxygen, pH, n itrite , n itra te , 
phosphate, s ilicate , phytoplankton and zooplankton, in Cochin 
backw ater and the in te rtida l waters of the  sea in the  vicinity 
of Cochin.
2. The results  and conclusions derived in the present 
investigation were based on the fortnightly  variations in the 
abundance of fry and juveniles along with the environmental 
pa ram eters . The investigations were carried  out in four selected 
s ta tions  during February  to  September, 1989. Diurnal observations 
were made in two se lec ted  stations, during last day of July 
a t  every th ree  hours in terval to understand the influence of 
tide and o th e r  environm ental param eters  on the distribution 
of fry and juveniles. The results a re  s ta tis tica lly  corre la ted  
with a view to bring out the  possible correlations.
3. With a  maximum in the month of June, the to ta l 
ra in fa ll received during the  period of study was 227 cm, which 
is found to  be much less compared to the average rainfall 
of 323 cm.
4. The w ater  tem pera tu re  was found to be within 
a narrow range of 28®C to  32.5“C, in all the stations throughout 
the study period. In general, a progressive decrease in surface 
te m p e ra tu re  was observed with the  onset of monsoon.
5. The salin ity  showed a decreasing trend with the 
increase in distance from bar mouth to upstream . Wide fluctuations 
of salinity  were observed during the present investigation in 
all th e  four sta tions, with the maximum during premonsoon 
and minimum during monsoon season.
6. The dissolved oxygen content did not show any 
general d istribution p a t te rn  among the stations, with the maximum 
and minimum values recorded in d ifferen t months. In general, 
s ta tion  IV reg is tered  higher concentration of dissolved oxygen 
than the o ther th ree  s tations, throughout the study period.
7. The pH was found to be more during premonsoon and 
less during monsoon months in all the s tations. With a maximum 
value in s ta tion  IV and minimum in s ta tion  1 throughout the
investigation period, pH indicated a descending trend with the 
increase in distance from barmouth to head stream ,
8. The concen tra tion  of all the nutrients such as 
n itr i te ,  n i t r a te ,  phosphate and silicate was low during premonsoon 
but ind ica ted  a sharp inc rease  during monsoon. The concentrations 
were decreasing  again towards the end of the study period. 
Com pared to  o ther s ta tions , a low content of nutrients was 
observed in s ta tion  IV throughout the study period, where a 
maximum influence of seaw ate r  and minimum influence of fresh­
w a ter  run off were found to  exist.
9. During the  present study, phytoplankton showed 
maximum concen tra tion  during premonsoon and minimum during 
monsoon in s ta tion  I, II and III, while in station IV, maximum 
concen tra tion  of phytoplankton was recorded during early monsoon. 
It was observed th a t  the  phytoplankton abundance was largely 
con tribu ted  by diatom s, such as Coscinodiscus spp,, Skeletonema 
spp., N itzschia spp., Navicula spp., Pleurosigma spp. e tc . The 
freshw ate r algae also contributed  to a larger share in station
I, II and III, during monsoon. Few dinoflagellates were recorded 
in all the  s ta tions  excep t in station IV, where these were noticed 
in a  considerable number during pre monsoon. Phytoplankton 
production was found influenced by environmental param eters  
like tem p e ra tu re  and salin ity .
10. Q uantita tively , the number of zooplankton per 
unit volume was maximum during premonsoon in all the  stations, 
but showed a declining trend  with the onset of monsoon. Throughout 
the  investigation period, the  zooplankton was found to be maximum 
in s ta t ion  IV and minimum in station  I. Qualitative analysis 
of zooplankton showed the  population to  have ten  major groups, 
out of which copepods and decapod larvae were the most im portant 
ones. Hydromedusae, luc ife r and brachiuran zoea were observed 
only during premonsoon in s tation  II and IV, whereas cladocerans 
were recorded during monsoon in s ta tion  I, II and III, Zooplankton 
production was not proportional to th a t of phytoplankton population.
11. Observarions on the abundance of fry showed 
tha t, the  to ta l  number of fry per unit e ffo rt was maximum 
during premonsoon and early  monsoon in s tation  II, III and IV 
and the number was found to  be decreasing to  a g rea te r  ex tent 
during August and Septem ber. Station II and III were found 
to be richer in distribution of fry than s ta tion  I and IV. A m o n g  
the five species of fry recorded, Liza parsia was found to  be 
dominant through out the study period followed by macrolepis. 
Fry of Mugil cephalus was recorded during the  early monsoon 
in s ta t ion  II, lU and IV, whereas fry of Chanos chanos was 
noticed during March-April in station  II and IV. The lep tocephalus 
like larvae of Megalops cyprinoides were dominant during
premonsoon in s ta tion  II and IV. The size distribution of fry 
of d iffe ren t species showed th a t the  sm aller size ranging between 
12-18 mm contribu ted  the  maximum percentage of the  to ta l 
fry  caught excep t in cyprinoides, where the dominant size 
group was 24-26 mm. D istribution of fry was found influenced 
by fa c to rs  like tem p e ra tu re , salinity, phytoplankton and zooplankton.
12. The distribution of juveniles in tim e and space 
showed tha t, they  occur in more numbers during premonsoon; 
especially  in s ta tion  I, II and III. Station II was richer in abundance 
of juveniles followed by sta tion  III, among the four stations. 
L. parsia  was the  m ost dominant species recorded throughout 
the  year followed by macrolepis. The distribution of juveniles 
was found to  be re f le c t iv e  of fry  distribution. The juveniles 
of o ther im portan t species, such as ^  cephalus, Valamugil 
cunnesius, C. c  hanos, M. cyprinoides, Lates calcarifer etc. 
were recorded in few  numbers with the  onset o f  monsoon. 
The size d istribution of juveniles varied from species to  species. 
The occurrence of juveniles was maximum during the lowest 
low tide , when the number of juveniles per unit a rea  was found 
to  be maximum which is due to the shrinkage of w ater area.
13. The diurnal observation showed a tremendous 
influence of tides on the  distribution of fry and juveniles and 
o ther hydrobiological param eters . The tides of Cochin backwater
w ere o f mixed semidiurnal type, with substantial difference 
in range and tim e. Water tem pera ture  recorded its lowest 
value during the  early morning with the  highest value during 
noon hours probably influenced by solar radiation. Salinity 
showed a  d irec t relationship with tide, with maximum salinity 
during high tide and minimum during low tide. Dissolved oxygen 
con ten t was found to be independent of tidal amplitude, recording 
high concentration  during afternoon and low during early morning. 
pH value showed a d irec t relationship with the tide, though 
within a  narrow range. The concentration of all the  nutrients 
showed an inverse re lationship with the tide, with a maximum 
concen tra tion  during ebb tide and minimum during flood tide.
The phytoplankton concentration was found to  be in 
proportion with the  tide . The lowest concentration recorded 
during low tide , which increased gradually, reaching the maximum 
value during high tide . Qualitatively, the  phytoplankton showed 
the dominance of marine forms during high tide and fresh wafer 
algae during ebb tide.
A wide fluc tuation  of zooplankton concentration was 
noticed by the influence of tide, with maximum number during 
incoming high tide and r e ce d in g  tide, and minimum during 
highest high tide and lowest low tide. The number was found 
to  be more in night tim e than during day tim e which may
be due to  the ir ve rtica l migration. Copepods and decapods 
larvae  were the two most important groups among the  zooplankton 
encountered.
Among the four species of fry recorded during the 
p resent study, parsia was the most dominant species, followed 
by cephalus and ^  macrolepis. M. cyprinoides also was recorded 
in few numbers during the  high tide. The abundance of fry 
was maximum during morning and evening hours than during 
a fternoon and la te  night hours. The incoming high tide showed 
the dom inance of fry followed by receding tide.
The distribution of juveniles was inversely proportional 
to th e  tide, with maximum during low tide and minimum during 
high tide, parsia was the most dominant species recorded, 
followed by ^  m acrolepis. Sporadic ca tch  of o ther species 
was also obtained.
14. This investigation on the fish seed availability 
in Cochin backw ater is only a partia l fulfillm ent of our requirem ent 
in the  field of brackishw ater fish seed procurement, and it 
is suggested th a t  similar studies may be taken up in other 
estuaries  and brackishw ater bodies in the country.
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